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DEVONIC FISHES OF THE NEW YORK FORMATIONS 

INTRODUCTION 

Since the publication by Professor John Strong Newberry, in 1889, of 
an extensive Mofwgraph on the Palaeozoic Fishes of North America^ our 
knowledge of this group of fossil organisms has been vastly increased. 
Devonic fishes, in particular, have furnished important information concern- 
ing the organization and relations of primitive chordates, besides throwing 
much new light on the early history of fishes and fishlike vertebrates. If 
incertitude still exists regarding the larger problems of ancestry, we have at 
least progressed further than any one would have deemed possible a genera- 
tion ago, and have been able to determine with reasonable accuracy not 
only the progressive stages of evolution passed through by various groups, 
but also the manner in which certain fundamental structures, such as the 
paired limbs, dentition, dermal covering, etc. arose. With increasing wealth 
of material, some of it magnificently preserved, we have become almost as 
well acquainted with the structure of certain genera, sometimes even includ- 
ing the soft tissues, like the muscle fibers of Cladoselache, as with the 
corresponding parts of modern fishes. 

All this notable advance has been made within comparatively few 
years, and the results of modern paleontological research are scattered 
throughout a wide series of publications in this country and abroad, not all 
of them readily accessible. It is perhaps unfortunate that no single treatise 
has yet been prepared on the Devonic fish fauna either of this country or 
of Europe, since the quest for information regarding the fossil assemblages 
of any particular region, or concerning the structure of particular genera, 
involves no little expenditure of time and effort. A revised compendium, 
therefore, along the lines of the now somewhat antiquated monograph by 
Newberry would be an exceedingly welcome and useful contribution, and it 
is hoped that some such work may yet be undertaken. 

^^L.^mm- I - ^M I M ■ ^L—~T ~ ' - — - _ ■ - - _ -- 

' U. S. Geol. Sur. Monogr. v. 16. 1889. 
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The memoir which is now presented, and whose inception is due 
largely to active interest of the present State Geologist of New York, is 
intended partially to supply the need of a general conspectus dealing with 
the fauna of a definite area and within a definite formation It must be 
understood, however, as being of much more modest pretensions and more 
limited in scope, than the aforementioned monograph by Professor New- 
berry. As the title indicates, it is concerned chiefly with the Devonic fish 
fauna of the New York-Pennsylvania region, revised descriptions being 
offered of every genus and nearly every species entering into its composi- 
tion. Many of the larger groups have also been redefined in accordance 
with the present state of our knowledge respecting them. Obviously, how- 
ever, our understanding of the forms occurring within the boundaries of 
two political divisions would be incomplete except as they are viewed in 
relation to other species, genera and faunas, irrespective of their geographi- 
cal distribution. Moreover, a large proportion of the remains found in one 
state, owing to inferior preservation or other causes, would be obscure, per- 
haps even unintelligible, but for the occurrence of identical or kindred 
species in some other region. Let it be asked, for example, how much 
would be known of the structure of Bothriolepis if we were unable to 
extend our acquaintance beyond the extremely fragmentary specimens 
found in the New York and Pennsylvania Devonic? But as soon as com- 
parisons are undertaken with the exquisitely preserved Canadian examples, 
even the poorest fragment from the former region becomes invested with 
new light and interest. Accordingly, in the following pages, we have not 
hesitated to take considerable notice, and even to introduce descriptions of 
extralimital forms, wherever such procedure appeared conducive to a more 
perfect understanding of the species comprised by the local fauna. And 
finally, at the end of the systematic descriptions, some general questions are 
discussed which deal with geographical distribution and with the relations 
of the fauna as a whole. 

In the matter of formation names, preference has been given through- 
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out to the classification of the New York series adopted by the geologists 
of this State,' and to Prosser s classification of the Ohio Devonic* 

In the latter system it will be noted that the local names of ** Columbus" 
and *' Delaware limestones" are used for the lower Mesodevonic rocks 
instead of Onondaga (=-Corniferous) of the New York classification, for 
the reason that it is probable these Ohio formations should be correlated 
with a later horizon than the Onondaga — namely, the lower part of the 
Erian series of New York. We may also remark in this connection that 
the weight of evidence furnished by fossil vertebrates is decidedly in favor 
of grouping the formation **Corniferous" of older geologists together with 
the Hamilton in a single division of the Mesodevonic. For the conven- 
ience of those who may not be perfectly familiar with the relations of the 
different systems, the following tables may be here inserted : 



' Science, Dec. 8, 1899; American (ieologist, Feb. 1900; X V. State Miis. Mem. 3. 
1900; Univ. State N. Y. Handbook 19. 1903; N. Y. State Mus. Bui. 81, 82. 1905; 99. 1906; 
107. 1907. 

■ Nomenclature of the Ohio Geological Formations. Jour. Geol. 1903. 11: 519-46. 
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Summary of classification of the New York Deyonic according to John M. Clarke 
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Classification of the New York Deyonic according to James D. Dana 

DESCENDING ORDER 
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Classification of the Ohio Devonic according to Charles S. Prosser 
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i i Cleveland shale 

Neodevonic -^ Ohio shale < Chagrin formation 
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i Olentangy shale 
o i Mesodevonic -: Delaware limestone 
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Q I 



Paleodevonic Wanting Wanting 



The definitions that are given of species and genera are based largely 
upon the writer's investigation of actual specimens, often including the 
original types, although due account has been taken of the diagnoses of 
earlier authors. Most of the definitions of higher groups are adopted with 
but little modification from the special literature. For the loan of speci- 



12 NEW YORK STATE MUSEUM 

mens and other valuable aid rendered in the prosecution of these studies, 
the writer is under great obligations to Dr John M. Clarke. Other material 
has been freely placed at his disposal by Mr Charles Schuchert, of the Pea- 
body Museum at Yale University, by Professor Bashford Dean, of Columbia 
University, and by the authorities of the American Museum of Natural 
History in New York. The illustrations, both for plates and text figures, 
have been provided by the Museum of Comparative Zoology at Harvard 
College, Cambridge, Mass., and the New York State Museum. 

CONSPECTUS OF SPECIES ARRANGED ACCORDING TO 

THEIR GEOLOGICAL OCCURRENCE 

CHAMPLAINIC 
Class AONATHA 

Astraspis desiderata Walcott. Lower Siluric of Canyon City, Col. 
? Dictyorhabdus priscus Walcott, Lower Siluric of Canyon City, Col. 
? Eriptychius americanus Walcott, Lower Siluric of Canyon City, Col. 

SILURIC 

Class AONATHA 

Cyathaspis acadica Mattheto. From strata of supposed Niagara age in 

Kings county, New Brunswick. 
Palaeaspis americana Claypole, Bloomfield sandstone ; middle portion of 

the Salina beds. Perry county, Pennsylvania. 

Class PISCES 

Onchus clintoni Claypole, Clinton beds (Lower Niagaran) ; Pennsylvania. 
Onchus pennsylvanicus Claypole, Bloomfield sandstone ; middle member 

of the Salina beds. Perry county, Pennsylvania. 
Onchus sp. Niagara beds of Cumberland, Maryland. 

LOWER DEVONIC 
Maine-New Brunswick province 

Class AONATHA 

Cephalaspis campbelltonensis Whiteavcs, Lower Devonic ; Campbellton, ' 

N. B. 
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Cephalaspis dawsoni Lankcstcr, Lower Devonic ; Gasp^, Quebec. 
Cephalaspis jexi Traquair, Lower Devonic ; Campbellton, N. B. 
Cephalaspis sp. Lower Devonic ; Campbellton, N. B. 
Thelodus scales. Oriskany sandstone, Nictaux Falls, N. S. 
Asterolepis clarkei Eastman, Chapman sandstone (Lowermost Devonic) ; 
Aroostook county, Maine. 

Class PI8CES 

Protodus jexi. Smith Woodward, Lower Devonic ; Campbellton, N. B. 
Doliodus problematicus Smith Woodward, Lower Devonic ; Campbell- 
ton, N. B. 

Acanthodes semistriatus Smith Woodward, Lower Devonic ; Campbell- 
ton, N. B. 

Cheiracanthus costellatus Traguair Lower Devonic ; Campbellton, 

N. B. 
Climatius latispinosus (Whiteaves), Lower Devonic, Campbellton, N. B. 
Homacanthus gracilis Whit eaves. Lower Devonic ; Campbellton, N. B. 
Machaeracanthus sulcatus Newberry. Lower Devonic ; Gaspe, Quebec. 
Gyracanthus incurvus Traguair, Lower Devonic ; Campbellton, N. B. 
Phlyctaenaspis acadica ( Whiteaves), Lower Devonic ; Campbellton, N. B. 
Dendrodus arisaigensis Whiteaves, Arisaig series (Helderbergian ?) ; Nova 

Scotia. 

MIDDLE DEVONIC 
Ulsterian (» <' Corniferous ") stage ; New York, OhiOi Indiana and Canada 

Class AOKATHA 

Shagreen granules of Thelodus, Coelolepis etc. Columbus limestone ; Ohio. 

Class PISCES 

Cladodus prototypus Eastman. Columbus limestone ; Columbus, O. 
? Psammodus antiquus Newberry. Columbus limestone ; Ohio. 
Ptyctodus punctatus Eastman. Onondaga limestone ; Le Roy, N. Y. 
Rhynchodus secans Newberry. Columbus and Delaware limestones ; Ohio. 
Palaeomylus crassus {Newberry*). ** " 

Palaeomylus frangens {Newberry). ** " 

Cyrtacanthus dentatus Newberry. " " 
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Machaeracanthus peracutus Neivherry. Columbus and Delaware lime- 
stones ; Ohio. Onondaga limestone ; Le Roy and Lime Rock, N. Y. 

Machaeracanthus sulcatus iVewbcrry. Delaware limestone ; Ohio and 
Canada. Onondaga limestone ; New York. 

Machaeracanthus major Newberry, Columbus and Delaware limestones ; 
Ohio. 

Acantholepis fragilis Newberry. Columbus and Delaware limestones ; 
Ohio. Onondaga limestone ; New York. 

Macropetalichthys rapheidolabis Norioood & Owen. Columbus and 
Delaware limestones; Ohio and Indiana, also from rocks of equivalent 
age in Ontario and James Bay region, Canada. Onondaga limestone ; 
Le Roy, N. Y. 

Asterosteus stenocephalus Newberry, Delaware limestone ; Ohio. 

Acanthaspis armata Neivberry. Delaware limestone ; Ohio. Onondaga 
limestone ; Le Roy, N. Y. 

Protitanichthys fossatus Eastman. Delaware limestone ; Ohio. 

Coccosteus ( Liognathus) spatulatus Newberry. Delaware limestone ; Ohio. 

Coccosteus occidentalis Newberry. ** *• 

Coccosteus sp. Onondaga limestone ; Clifton Springs, N. Y. 

Dinichthys precursor (Newberry). Columbus limestone; Ohio. 

Onychodus sigmoides N^ewberry. Columbus and Delaware limestones ; 
Ohio. Onondaga limestone ; New York, and (?) Hamilton limestone ; 
Milwaukee, Wis.; Cedar Valley limestone ; Iowa. 

Erian stage (Marcellus and Hamilton) ; New York 

Class PISCES 

Dermal denticles, possibly of Cladoselache. Marcellus shale ; Le Roy, 

N. Y. 
Ctenacanthus wrighti Newberry. Moscow shale (Upper Hamilton) ; Yates 

county, N. Y. 
Machaeracanthus longaevus Eastman. Lower Hamilton ; Eighteen Mile 

creek, N. Y., and (?) Milwaukee, Wis. 
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Dinichthys halmodeus (Clarke). Marcellus shale; Livonia and Manlius, 
N. Y. 

Dinichthys lincolni Claypole. Marcellus shale ; Geneva, N. Y. 

? Aspidichthys sp. Hamilton ; East Bethany, N. Y. 

Arthrodire fragments. Encrinal limestone (Hamilton); Eighteen Mile 
creek, N. Y 

Crossopterygian scales (Holoptychius). Lower Hamilton; Oran, Onon- 
daga county^ N. Y. 

Erian stage ; Wisconsin, Ontario and Manitoba 

Class PISCES 
Cladodus monroei Eastman, Hamilton limestone; Milwaukee, Wis. 
Ptyctodus calceolus Newberry & Worthen. Hamilton limestone ; 

Wisconsin and Ontario, ** Cuboides zone " of the Devonic ; Manitoba. 
Ptyctodus ferox Eastman. Hamilton limestone ; Milwaukee, Wis. 
Rhynchodus excavatus Newberry. Hamilton limestone ; Milwaukee, Wis. 

Cedar Valley limestone ; Iowa. 
Rhynchodus sp. ind. ** Cuboides zone " of the Devonic ; Manitoba. 
Palaeomylus greenei (A/(fze/^^rrjv). Hamilton limestone; Milwaukee, Wis. 
Acantholepis fragilis Newberry. 
Phlyctaenacanthus telleri Eastman. 
Heteracanthus politus Newberry. Hamilton limestone ; Milwaukee, Wis. 

Cedar Valley limestone ; Iowa. 
Heteracanthus uddeni LindahL Hamilton limestone ; Milwaukee, Wis. 

Cedar Valley limestone ; Illinois. 
Machaeracanthus sp. (— M. longaevus Eastman ?) Hamilton limestone ; 

Milwaukee, Wis. 
Dinichthys canadensis Whiteavcs. "Cuboides zone" of the Devonic; 

Manitoba. 
Dinichthys pustulosus Eastman. Hamilton limestone; Milwaukee, Wis. 

Cedar Valley limestone ; Iowa and Illinois. 
Dinichthys \\\\y^xQ\\\2Xw^ Newberry. Hamilton limestone; Milwaukee, Wis. 

Cedar Valley limestone ; Iowa. 
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Dinichthys sp. Hamilton limestone ; Milwaukee, Wis. 

Sphenophorus sp. ** " 

Aspidichthys (?) notabilis Whiteaves. Hamilton limestone; Ontario. 

**Cuboides zone" of the Devonic ; Manitoba. 
Onychodus sigmoides Newberry. Hamilton limestone ; Milwaukee, Wis. 

Cedar Valley limestone ; Iowa. 
Onychodus sp. ind. ** Cuboides zone " of the Devonic ; Manitoba. 

Erian stage (Cedar Valley limestone) ; Iowa and Illinois 
Ptyctodus calceolus Neivberry & Worthen. 
Ptyctodus ferox Eastman. 
Rhynchodus sp. 

Rhynchodus excavatus Newberry. 
Heteracanthus politus Neivberry. 
Heteracanthus uddeni Lindahl. 
Labial cartilages of Dipterus (?). 
Dipterus calvini Eastman. Fairport, la. 
Dipterus uddeni Eastman. Buffalo, la. 
Dinichthys pustulosus Eastman. Rock Island, 111. 
Dinichthys tuberculatus Newberry. Waterloo, la. 
Onychodus sigmoides Newberry. Waverly, la. 

UPPER DEVONIC 

Upper Devonic of the Quebec province 

Class AOKATHA 

Cephalaspis laticeps Traquair. Upper Devonic; Scaumenac bay, Quebec. 
Euphanerops longaevus Woodward. " *' 

Bothriolepis canadensis Whitcaves. ** •• 

Class PISCES 

Diplacanthus ^Xxx^Xm?^ Agassiz. Upper Devonic; Scaumenac bay, Quebec. 

Diplacanthus horridus Woodward. ** ** 

Acanthodes affinis Whiteaves. *' " 

Acanthodes concinnus W/iifcavc\:. '* " 
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Scaumenacia curta ( Whiteaves). Upper Devonic ; Scaumenac bay, Quebec. 
Coccosteus canadensis Woodward, ** ** 

Holoptychius quebecensis ( Whiteaves). " 
Eusthenopteron foordi Whiteaves, 
Cheirolepis canadensis Whiteaves. 



a 

«c «c 
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Senecan stage (TuUy limestone, Genesee shale and Portage beds) ; New York 

Class PISCES 

Cladoselache sp. Naples shale (Portage) ; Eighteen Mile creek, N. Y. 

Acanthodes ? pristis Clarke, Rhinestreet shale (Portage) ; Sparta. 

Ptyctodus calceolus Neivb, & W. Genesee shale; Eighteen Mile creek and 
Portage of Naples, N. Y. 

Ptyctodus sp. Goniatite or Parrish limestone (Portage group). Naples, 
N. Y. 

Apateacanthus vetustus (^Clarke). Cashaqua shale (Portage) ; Milo, Yates 
CO., N. Y. 

Heteracanthus politus Newberry, Portage shale ; New York. 

Undetermined fin spine. Tully limestone ; Cayuga lake, N. Y. 

Dermal denticles of (?) Cladoselache. Genesee shale ; Le Roy, N. Y. 

Dinichthys newberryi Clarke, Genesee shale ; Bristol Center and Canan- 
daigua lake, N. Y. 

Dinichthys ringuebergi Newberry, Portage (Rhinestreet) shale ; Sturgeon 
point, near Buffalo, N. Y. 

Dinichthys pustulosus Eastman, Oneonta beds ; New York. 

Dinichthys dolichocephalus Eastmafi, Portage (Rhinestreet) shale ; Stur- 
geon point, near Buffalo, N. Y. 

Dinichthyid. Oneonta beds ; Oxford, N. Y. 

Dinichthys sp. Genesee shale; Eighteen Mile creek, N. Y. 

Dinomylostoma beecheri Eastman. Cashaqua (Portage) shale ; Mount 
Morris, N. Y. 

Callognathus serratus Newberry, Portage shale ; Eighteen Mile creek, N. Y. 

Palaeoniscus ? devonicus Clarke, Genesee shale ; Glenville, North Evans, 
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and New Albany Black shale of Kentucky. Also Rhinestreet shale 

(Portage) of Sparta. 
Palaeoniscus ? antiquus, H, U. Williams. Rhinestreet shale (Portage) ; 

Eighteen Mile creek, N. Y. 
Palaeoniscus ? reticulatus, H. U. Williams, Rhinestreet shale (Portage) ; 

Eighteen Mile creek, N. Y. 
Dipterus ithacensis, //. S, Williams, Ithaca beds (Portage) ; Ithaca, N. Y. 

Ohio shale (Huron, Erie and Cleveland shales) ; Ohio and Kentucky 

Class PISCES 

Phoebodus politus Newberry, Cleveland shale; Lorain county, O. 

Cladodus claypolei Hay, Cleveland shale ; Rocky river, O. 

Cladodus concinnus Neivberry, Cleveland shale ; Lorain county, O. 

Cladodus rivi-petrosi Claypole, Cleveland shale; Rocky river, O. 

Cladodus subulatus Neivberry, Cleveland shale ; Ohio. 

Cladodus terrelli Newberry, Cleveland shale ; Lorain county, O. 

Cladodus tumidus Nezuberry, Cleveland shale ; Sheffield, O. 

Monocladodus clarki Claypole. Cleveland shale ; Ohio. 

Monocladodus pinnatus Claypole, 

Cladoselache clarki Claypole, 

Cladoselache fyleri Neivberry, Cleveland shale ; Cuyahoga county, O. 

Cladoselache kepleri Newberry, ** ** 

Cladoselache sinuatus {Claypole). Cleveland shale; Ohio. 

Orodus elegantulus Newberry, Subcarbonic ? Ohio. 

Xencxlus herzeri {^Newberry). Huron shale ; Ohio. 

Polyrhizodus modestus. Newberry. Subcarbonic ? Ohio. 

Hoplonchus parvulus Newberry. Cleveland shale ; Bedford, O. 

Ctenacanthus angustus N^ewberry. Berea grit ; Berea, O. 

Ctenacanthus clarki Newberry. Cleveland shale ; Berea, O. 

Ctenacanthus compressus Neioherry. Cleveland shale ; Lorain county, O. 

Ctenacanthus vetustus Newberry. Cleveland shale ; Sheffield county, O. 

Coccosteus cuyahogae Claypole. Cleveland shale ; Cuyahoga county, O. 



ti 4t 



it it 




DEVONIC FISHES OF THE NEW YORK FORMATIONS 1 9 

Dinichthys clarki Claypole, Cleveland shale ; Berea, O. 

Dinichthys curtus Newberry, Cleveland shale ; Cleveland, O. 

Dinichthys gouldi Newberry. Cleveland shale ; Berea, O. 

Dinichthys gracilis Claypole. ** ** 

Dinichthys herzeri Newberry. Huron shale; Delaware, O. 

Dinichthys intermedius Newberry. Cleveland shale ; Lorain county, O. 

Dinichthys minor Newberry. ** ** 

Dinichthys prentis-clarki Claypole. Cleveland shale ; Ohio. 

Dinichthys terrelli Newberry. Cleveland shale ; Lorain county, O. 

Brontichthys clarki Claypole. Cleveland shale ; Cuyahoga county, O. 

Stenognathus corrugatus {Newberry). Cleveland shale ; Lorain county, O. 

Titanichthys agassizii Newberry. ** ** 

Titanichthys attenuatus WrigJit. Cleveland shale ; Ohio. 

Titanichthys brevis Claypole. ** • *« 

Titanichthys clarki Newberry. Cleveland shale ; Lorain county and 

Berea, O. 
Titanichthys rectus Claypole. Cleveland shale ? Ohio. 
Titanichthys sp. indet. 
Selenosteus kepleri Dean. 
Stenosteus glaber Dean. 

Diplognathus niirabilis Newberry. Cleveland shale ; Lorain county, O. 
Callognathus serratus Newberry. ** ** 

Trachosteus clarki Newberry. Cleveland shale ; Berea, O. 
Mylostoma variabile Newberry. Cleveland shale ; Sheffield, O. 
Glyptaspis verrucosa Neivberry. ** ** 

Aspidichthys clavatus Neivberry. Huron shale; Delaware, O. 
Ctenodus wagneri Newberry. Cleveland shale ; Cleveland, O. 
Onychodus ortoni Newberry. Huron shale; Franklin county, O. 
Actinophorus clarki Newberry. Cleveland shale ; Cuyahoga county, O. 

MIDDLE OR UPPER DEVONIC; KENTUCKY 

Tamiobatis vetustus Eastman. Powell county, Ky. 
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Upper Devonic of Iowa and Illinois 

Class PISCES 
Diplodus priscus Eastman. Upper Devonic; Elmhurst, 111. 
Diplodus striatus Eastman. 
Diplodus sp. ind. 
Ptyctodus calceolus Newb. & IV. Upper Devonic ; Elmhurst, III. Also 

State Quarry, Lime Creek and Sweetland Creek beds, Iowa. 
Ptyctodus compressus Eastman. State Quarry beds ; Johnson county, la. 
Ptyctodus ferox Eastman. State Quarry beds; Johnson county, la 
Dinichthys pustulosus Eastman. 
Synthetodus trisulcatus Eastman. 
Dipterus costatus Eastman. 
Dipterus mordax Eastman. 



a a 



ii it 



a (I 



a .1 



Upper Devonic of Colorado 

Class AOKATHA 

Bothriolepis coloradensis Eastman. Elbert formation ; Rockwood. 

Class PISCES 
Holoptychius giganteus Agassiz. Elbert formation ; Devon Point. 
Holoptychius tuberculatus Newberry. Elbert formation ; Devon Point. 
Arthrodire fragments. Elbert formation ; Devon Point. 

Chautauquan stage (Chemung-Catskill) ; New York and Pennsylvania. 

Chemung gjoup 

Class AQNATHA 

Bothriolepis minor Leidy. Chemung group ; Bradford county. Pa. Cats- 
kill ; Delaware county, N. Y. 

Class PISCES 

Cladodus coniger Hay. Chemung group ; Warren, Pa. 
Cladodus sp. High Point sandstone ; Naples, N. Y. 
Helodus gibberulus Agassiz. Chemung group ; Warren, Pa. 
Rhynchodus pertenuis Eastman. Chemung group ; Franklin, N. Y. 
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Rhynchodus sp. High Point sandstone; Naples, N. Y. 
Homacanthus acinaciformis Eastman, Chemung group ; Warren, Pa. 
Ctenacanthus chemungensis Claypole, Chemung group ; New York and 

Pennsylvania. 
Ctenacanthus randalli Newberry, Olean conglomerate ; Warren, Pa. 
Gyracanthus sherwoodi Newberry. Chemung group ; Pennsylvania and 

Cattaraugus county, N. Y. 
Coccosteus macromus Cope. Chemung group ; Le Roy, Pa. 
Dinichthys curtus Newberry. Chemung beds ; Warren, Pa. 
Dinichthys tuberculatus Newberry. Chemung group ; Warren, Pa. 
Holonema rugosum (Clay pole). Franklin, Delaware county, N. Y. and 

Pennsylvania. 
Holonema horridum Cope. Chemung group ; Pennsylvania. 
Phyllolepis delicatula Newberry. Chemung group ; Bradford county. Pa. 
Sphenophorus lilleyi Newberry. Chemung group ; Le Roy, Bradford co.. 

Pa. 
Dipterus alleghaniensis Williams (= nelsoni N'ezuberry; Warren, Pa.) 

Cuba sandstone ; Allegany county, N. Y. 
Dipterus flabelliformis Newberry. Chemung group ; Warren, Pa. 
Dipterus minutus Newberry. Chemung conglomerate ; Warren, Pa. 
Dipterus nelsoni Newberry. " ** 

Heliodus lesleyi Newberry. Chemung group ; northern Pennsylvania. 
Ganorhynchus beecheri Newberry. Chemung group ; Warren, Pa, 
Apedodus priscus Leidy. Chemung group ; Pennsylvania. 
Strepsodus sp. (Detached tooth ; also fragments of Osteolepis sp., fide 

Cope). 
Holoptychius americanus Leidy. Chemung group ; Delaware county, N. Y. 

and Pennsylvania 
Holoptychius filosus Cope. 
Holoptychius giganteus Agassiz. Pennsylvania. (Also Upper Devonic 

of Colorado). 
Holoptychius granulatus Newberry. Chemung group ; northern Pa. 
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Holoptychius pustulosus Neu^bcrry, Chemung group; Warren, Pa. 

Holoptychius tuberculatus Newberry. Le Roy, Bradford co.. Pa. (Also 

Upper Devonic of Col.) 

Catskill beds 

Class AOVATHA 

Bothriolepis nitida (Leidy). Tioga county. Pa. and Delaware county, N. Y. 
Bothriolepis minor Xewberry, Le Roy, Bradford co.. Pa. and Delaware 
county, N. Y. 

Class PI8CB8 

Onchus rectus liastman. Delaware county, N. Y. 

Gyracanthus sherwoodi Newberry, Mansfield, Tioga co., Pa. 

Dinichthys sp. Franklin, N. Y. 

Holonema rugosum (Claypole). Bradford county. Pa. 

Dipterus angustus Newberry, 

Dipterus contraversus Hay. Tioga county. Pa. 

Dipterus fleischeri Netuberry, Tioga county, Pa. and Franklin, Delaware 

CO., N. Y. 
Dipterus sherwoodi Newberry. Tioga county. Pa. 
Ganorhynchus beecheri Newberry, Warren, Pa. 
Holoptychius aniericanus Leidy, Tioga county, Pa. 
Holoptychius giganteus Agassiz, ** 

Holoptychius halli Newberry, Delhi, N. Y. 
Holoptychius radiatus Newberry, Blossburg, Pa. 
Sauriptcris taylori (Hall) ** 

(ilyptopomus sayrei Newberry, Susquehanna river near mouth of 

Mehoopany. 
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SYSTEMATIC ACCOUNT OF DEVONIC FISHES, 
PRINCIPALLY FROM NEW YORK AND PENNSYLVANIA 

Class AQKATHA 
Subclass OSTRAOOPHOBI 

Paleontology furnishes no clue as to the origin of the primitive fish- 
like vertebrates which appear sparsely in the Siluric and Devonic rocks of 
this country and Europe. That the most ancient forerunners of fishes 
were soft-bodied, like the lowest chordates of the present day, and hence 
not suitable for preservation in the fossil state, is more than likely ; but 
from what branch of invertebrates they are descended still remains prob- 
lematical. It is customary to regard fishes proper as having all been derived 
from primitive Elasmobranchs, the presence of the latter being indicated 
by fragmentary remains as early as the Siluric. Whether or not the class 
of curious forms known as Agnatha, characterized, as their name indicates, 
by the lack of ordinary jaws, have a common ancestry with Elasmobranchs 
or are of independent origin, we are without sufficient enlightenment. On 
the one hand, the similarity of Coelolepid scales to Elasmobranch shagreen 
can not be regarded as proof of community of descent, since the possibility 
of parallelism, especially as affects simple hard parts, is by no means 
excluded. On the other hand, competent students who have most care- 
fully examined this matter are practically unanimous in affirming that 
paleontology offers no support for the view that the most ancient fishlike 
forms are in any way related to crustacean or arthropod ancestors. Such 
external resemblances as exist between Ostracophores and contemporane- 
ous Eurypterids may be looked upon as interesting examples of mimicry 
between organisms of widely different grades which are adapted to live in 
the same way and amid similar conditions. 

In common with Pisces proper the Agnatha possess a fishlike form of 
body, median fins, a tail that may be either naked or scaly, well defined 
sensory grooves, branchial apertures, and dermal armor having a micro- 
scopic structure similar to that of true bone. Only in a single family of 
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the Heterostraci is there a noteworthy absence of bone lacunae and tubules 
in the microscopic structure of the dermal plates, but recent discoveries of 
entire bodies of Thelodus, Lanarkia, Drepanaspis etc, [text fig. i, 2] seem 
to demonstrate that the hard shield of Pteraspidians arose through fusion 
of separate shagreen tubercles and spinelets. Incontestably, therefore, the 




Agnatha must be looked upon as chordate animals ; yet it does not follow 
that they are true fishes. On the contrary, the characters which separate 
them from the latter class are most trenchant, and are not adequately 
expressed in the taxonomic system except by allotting to them the rank of 
an independent class. For instance, in marked distinction from fishes 
proper, none of the Ostracophores exhibits the slightest trace of ordinary 
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jaws, of a segmented axial skeleton in the trunk, or of arches for the sup- 
port of paired limbs. Indeed, appendages themselves are confined to a 
single order, the Antiarcha, where oarlike swimming organs appear to have 
developed from an integumentary fold on either side of the body, unsup- 
ported by rays, and in a manner fundamentally different from the fins of 
typical fishes. It is extremely doubtful whether the jointed pectoral limbs 
of the Asterolepidae can be regarded in any sense as homologous with the 

fins of fishes. 

Within the last decade, our knowledge of the 

variety, structure and mutual relationships of primi- 
tive chordates has been vastlv increased. Familiar 
genera have been most assiduously reinvestigated, their 
occurrence has been detected in fresh localities, and 
many new forms of the utmost importance and interest 
have been brought to light. It will suffice to mention 
here only the classic researches of the late Dr Ramsey 
H. Traquair on the Old Red sandstone fishes of North 
Britain, and the beautifully preser\-ed Drepanaspis 
from the Hunsruck slate (Lower Devonic) of Rhenish 

Prussia ; whereas in this country, the principal advance 
has been made by Professor William Patten, of Dart- 
mouth College, in his studies of Bothriolepis and the 

Tremataspidae. 

Amongst other results achieved within recent 
years, not the least important is the insight which 
has been gained concerning interrelations and prob- 
able lines of descent among the different orders 
of Ostracophores. Reference has already been made 

Fij^- 1 r^njjrafnmatic restored out- 
line ;t Aieica»p'» te»sei- to thc dlscovcry of primitive genera which throw a 

Ufa Iraq, ihc tail turned r'.und n i f \- \_ i /T • ' c t\ • t • 

•o a. to appear in profile rAfternooclot light upott theattinities of Pteraspis and its 

allies, and enable us to trace them back to an ancestral 
family in which the dermal armor retained its generalized form of shagreen 
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granules. Still more far-reaching in its consequences is Traquair's dis- 
covery of Ateleaspis [text fig. 3], a form considered by him to indicate a 
genetic connection between the Heterostraci and Osteostraci. Assuming 
the correctness of the Scottish authors conclusions,' not only Pteraspis, 
Palaeaspis, Cyathaspis, and the like, but also Cephalaspis, are traceable to 
the primitive Coelolepidae, in which the dermal covering consists of small 
shagreen granules, or of minute hollow spines. Only in the case of the 
Antiarcha, the order to which Pterichthys and Bothriolepis belong, does 
their immediate origin remain uncertain, owing to the absence of inter- 
mediate forms linking them either with Pteraspids or Cephalaspids. Not- 
withstanding their nearer approach to the latter, as indicated by the presence 
of bone lacunae and dorsal fins, it is practically certain that they could have 
had no direct derivation from that group ; and an inverse hypothesis, by which 
the Cephalaspids are derived from the Asterolepids, appears vastly improb- 
able. As to the theory, recently revived in some quarters, that Asterolepids 
are transitional between vertebrates and invertebrates, and are more or less 



* A dissenting opinion has lately been expressed by Mr C. Tate Regan, in his article 
on the ** Phylogeny of the Teleostomi " [Ann. Mag. Nat. Hist. ser. 7, 1904. 13 : 329-49]. 
Admitting, as he does, the resemblance between Ateleaspis and Cephalaspis, yet he cannot 
see that there is "the least reason for regarding it [Ateleaspis] as allied to anything else," 
and accordingly denies that it is annectant between the Heterostraci and Cephalaspidae. 
The latter family is considered by Mr Regan to have been derived from the Asterolepidae, 
being in fact specialized and degenerate, members of that group, a view which lacks the 
support of morphological evidence, and is at variance with the known facts of geological 
succession. 

The extreme position taken by Mr Regan is apparent from the following extract : 
"The Placodermi (Coccosteidae, Asterolepidae, Cephalaspidae) are a natural group, not 
related to the Heterostraci, which are Chondropterygii. They may probably be regarded 
as armored primitive Crossopterygii, this view being in accord with (a) the arrangement of 
the cranial roof bones in Coccosteus ; (^) the structure of the ventral fin in Coccosteus ; 
(r) the structure of the pectoral limb of the Asterolepidae. . . The Teleostomi probably 
originated from the Pleuropterygian Elasmobranchii in the Lower Silurian, and the Cross- 
opterygii, with their specialized offshoots, the Dipneusti and Placodermi, must have rapidly 
evolved, since all are well represented in the Lower Devonian, and the highly specialized 
Cephalaspidae are found in the Upper Silurian." [p. 347] Some further discussion of the 
problems here involved will be found in an article on " Asterolepid Appendages," published 
in the American Journal of Science for August 1904. 
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specially related to Ascidians, Crustaceans or Arachnids, this seems to 
be clearly disproved by the following well known facts: (i) the dermal 
plates are composed of true bone ; (2) the head shield and body armor of 
Asterolepids have a well developed sensory canal system ; (3) in Pterichthys, 
at least, there is a tail covered with scales, a dorsal fin, and a genuinely 
piscine heterocercal caudal fin. 

Of the four orders of Ostracophores now commonly recognized, all 
have American representatives. The simplest forms (Anaspida and Heter- 
ostraci) occur in the Siluric and Devonic, and are without paired append- 
ages. Bone cells are probably present in the calcifications of the Anaspida, 
but wholly lacking in the Heterostraci. The third order (Osteostraci) is 
confined, as a rule, to the Siluric and Lower Devonic, though occasionally 
met with in the Upper Devonic. Bone cells are present, but there is no 
trace of dermal sense organs either upon or within the shield. The fourth 
order ( Antiarcha), with a complex system of dermal plates and a remarkable 
pair of appendages, is essentially Devonic, and as abundant in the upper- 
most, as in the lowest strata. The subclass becomes extinct at the close of 
the Devonic, without taking part in the evolution of the fishes of later 
periods. 

Order HETEROSTRACI 

These primitive Ostracophores are represented in the Paleozoic rocks 
of North America by two genera, Cyathaspis and Palaeaspis, occurring in 
the Siluric, and by a variety of Theloduslike scales from the Lower and 
Middle Devonic. No indications of such forms, however, have yet been 
discovered within the limits of New York State. The only American 
species of Cyathaspis that has been described, C. acadica (Matthew), is 
founded upon indifferently preserved material from strata of supposed 
Niagara age in New Brunswick, and is the oldest trace of vertebrate life 
yet discovered in Canada. Palaeaspis likewise appears to be known in this 
country by a solitary species occurring in the middle portion of the Salina 
beds in Perry county. Pennsylvania. In view of the conflicting statements 
which exist in the literature concerning the synonymy, geological horizon 
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and alleged appendages of this form, the following brief notice may be 
given of it here. 

Palaeaspis americana Clay pole 

1884 Palaeaspis americana E. JV. Claypole. Am. Nat. 18: 1224 

1 884 Palaeaspis bitruncata E. W, Claypole. Ibid. p. 1 224 

1885 Palaeaspis americana E. W. Claypole. Geol. Soc. Quar. Jour. 41 : 62, 
woodcut fig. 7 

1885 Palaeaspis bitruncata E. W. Claypole. Ibid. p. 62, woodcut fig. 8 

1 885 Palaeaspis bitruncata and P. e 1 1 i p t i c a E. IV. Claypole. Am. Ass'n 

Adv. Sci. Phila. Meeting Proc. p. 426 
1885 Palaeaspis elliptica E. IV. Claypole. Brit. Ass'n Adv. Sci. Montreal 

Meeting Rep't, p. 733 

1892 Palaeaspis americana E. IV. Claypole. Geol. Soc. Quar. Jour. 48: 561, 

fig. 8 

1893 Palaeaspis americana E. W, Claypole. Am. Nat. 27 : 375 

1895 Palaeaspis americana B. Dean. Fishes, Living and Fossil, p. 7 1 
1898 Palaeaspis americana A. S. Woodward. Outlines of Vertebrate Palae- 
ontology, p. 6 

This species, which differs from the British P. sericea only in minor 
particulars, is known by a few imperfect specimens, one or two of which 




Fig. 4 Pteraipit rottrata Agatfii. Lower Old Red sandstone ; Great Britain. Lateral aspect of partially restored 
individual, x M 

have the dorsal and ventral shields preserved in natural association. The 
dorsal shield resembles that of Pteraspis [text fig. 4] in form, but apparently 
consists of a single plate, and is destitute of a posterior median spine. The 
orbits, also, are not completely inclosed. In the original description, the 
dorsal and ventral shields were described under different names. Subse- 
quently, however, the form named P. bitruncata was determined to be 
the ventral shield of P. americana, and the title proposed for it dropped. 
The undefined name of ** P. elliptica" is probably to be regarded as a 
synonym of P. americana. 
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Neither in this species nor in Cyathaspis has the presence of paired 
appendages been definitely determined, notwithstanding that claims have 
occasionally been made as to their occurrence. According to Dr Bashford 
Dean, who examined Professor Claypole's type material, the specimens 
which were regarded by their original describer as fins are probably crushed 
Elasmobranch spines which have become accidentally associated with the 
thoracic region of the shield. Hence, the published figure of Claypole's 
restoration, which reappears from time to time in geological textbooks, is 
obviously misleading. The supposition that one or more pairs of append- 
ages were present in Tremataspis, advocated in several of Professor Patten's 
papers,' is purely gratuitous, and contrary to probability. The perforations 
in the shield which this author thinks may have served for the attachment 
of swimming organs are interpreted as branchial orifices by the majority of 
writers. 

Occasionally one meets with the statement, as for instance, in Dr O. P. 
Hay's valuable Catalogue of Fossil Vcrtebrata from North America ^ that the 
species under discussion occurs in the Devonic of Pennsylvania, an error 
which is perhaps attributable to confusion of formation names. The term 
** Onondaga group," as used by Claypole, was not intended to apply to the 
Mesodevonic Onondaga limestone, but to the beds formerly known as the 
** Onondaga salt group," now more generally termed the Salina. The 
horizon of these beds corresponds with that of the English Ludlow, or with 
the interval between that and the Wenlock. According to the Pennsyl- 
vania r(![)orts, the whole mass of the Salina shale in Perry county is about 
1500 feet in thickness, and for the most part, with the exception of these 
fragments of Palaeaspis and the spines of Onchus, entirely unfossiliferous. 

' On the Structure and Classification of the Tremataspidae. Am. Nat. 1902. 36:379- 
93, and Imp. Acad. S( i. St Petersburg Mem. 5. Ser. 8, v. 13, 1903; On the Origin of Ver- 
tebrates, with Spe( ial Reference to the Structure of Ostracoderms. Verhandl. V. Internat. 
Zoologen-Congresses zu Berlin, 1902 ; On the Appendages of Tremataspis. Am. Nat. 
1903. 37:223-42. 
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Orders ANASPIDA and OSXEOSTRACI 

Neither of these orders is represented in the fossiliferous horizons 
of New York State. A single species belonging to Euphanerops 
longaevus Woodward is known from the Upper Devonic of Scaumenac 
bay, Quebec, and the Osteostraci are represented by four species of Cepha- 
laspis [text fig. 5], two from the Lower and two from the Upper Devonic 
of British America. 






Fig. 5 Cephalaspis murchitoni Bgerton. Siluric and Devonic; Herefordshire. Lateral aspect, restored by Dr 

A. S. Woodward, x 14 

It has been claimed by Professor William Patten that the genus 
Cephalaspis is provided with a ** fringe of jointed and movable appendages 
(25 to 30 pairs) along the ventral margin of the trunk," the structures com- 
monly known as marginal scales being interpreted by him as swimming 
appendages or ** fringing processes." ' Regarding these fulcralike scales 
it is even stated by this author that ** there is little doubt that they are the 
antecedents of the lateral fold of vertebrates," although it is elsewhere 
remarked in the same paper that ** whatever their significance may be, there 
is apparently nothing known in true fishes that is exactly comparable with 
them."^ The original specimens upon which these conclusions were based 
were afterwards reexamined by Ur Gaskell, who declares positively that 
they display nothing in the nature of paired appendages,^ and Dr Otto 
Jaekel of Berlin is equally emphatic in his denial that the marginal scales 
of this genus are not precisely what their name implies/ Hence it would 
appear that the antecedents of the lateral fold of vertebrates must be 
sought elsewhere than in the structures to which Professor Patten has 
called attention. 



'On the Structure and Classification ot the I'reniataspidae. Am. Nat. 1902. 36: 388. 
*0n the Structure of the Pteraspidae and Cephalaspidae. Am. Nat. 1903. 37: 827-65. 
3Anat. & Physiol. Jour. 1903. 37: 198. 
^Zeitschr. deutsch. geol. Gesellsch. 1903. 55: 84; f/. also Science, n. s. 1904. 19: 703. 
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Order A.NXIA.RCHA. 

The Devonic Antiarcha possess a much more complex system of 
dermal plates than other groups of Ostracophores, and are provided with a 
pair of singularly jointed armored appendages, usually movable, evidently 
serving as organs of progression, and totally unlike the limbs of other 
vertebrates. The head and body shields are always movably articulated, 
both being traversed by well defined sensory canals : and the bone structure 
is dense, though with vascular cancellae in the middle layer of the more 
thickened plates. The external ornament always consists of tubercles and 
coarse rugae. At least one membranous dorsal fin is present, and in Both- 
riolepis there are two, according to the most recent accounts. The tail, 
either naked or scaly, is furnished with a large membranous caudal fin of 
genuinely heterocercal form. 




The forms belonging to this order are included within a single family, 
the Asierolepidae, sometimes, but incorrectly called the " Pterichthyidae." 
The typical genus, Pterichthys [text fig. 6], is not known to occur in this 
country, but the Upper Devonic Bothriolepis, which differs from Pter- 
ichthys principally in its longer appendages, scaleless tail, and various 
details of the body armor, is found both in the eastern part of North 
America and in Colorado, four species having been described in all. 
Asterolepis itself appears to be represented by a single postero-dorsal plate 
occurring in the Chapman sandstone of Aroostook county, Maine, the 
accompanying invertebrates indicating a lowermost Devonic horizon. This 
species, described in the sequel under the name of A. clarkei, in honor 
of the present New York .State Geologist, is noteworthy for continuing the 
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history of Asterolepids back over a longer time interval than has previously 

been known for this group. The so called **Astraspis desiderata" 

of Walcott, from the Lower Siluric of Canyon City, Col., by some 

conjecturally referred to the Asterolepidae, is of extremely doubtful 

position. 

Family a>sxe:f€Ole:f»idaej 

Head and body covered with dermal plates which are externally sculp- 
tured and tuberculate, the dorsal and ventral shields of the trunk firmly 
united by the lateral plates. Orbits very closely approximate, separated by 
a loose interorbital median plate. Position of the nasal organs not definitely 
known. One pair of paddlelike appendages, completely incased in osseous 
plates, and articulated by a complex joint with the anterior ventrolateral 
plates of the trunk. Sensory canal system well developed. Tail either 
naked or scaly ; one or two dorsal fins, and a completely heterocercal 
caudal. 

To form an adequate conception of the creatures indicated by numerous 
fragments of Asterolepid armor from the Upper Devonic of New York and 
Pennsylvania, it is necessary to pay particular attention to recent work that 
has been done in the investigation of Scottish and Canadian species. As 
has already been observed, the principal advance that has been made within 
late years is owing to the researches of Dr R. H. Traquair of Edinburgh, 
Professor William Patten of Dartmouth, and Dr Otto Jaekel of Berlin, their 
results being scattered through a very considerable number of papers. 
Without doubt the most notable contribution, and at the same time one of 
the most authoritative, is Dr Traquair's Monograph on the Asterolepidae, 
still in course of publication by the Palaeontographical Society of Great 
Britain. As students who have not access to special libraries can hardly be 
supposed to be familiar with the parts of this work already published, we 
shall probably do well to present here a condensed account of the Astero- 
lepid organization, taken almost verbatim from the Scottish author's descrip- 
tions. Acknowledgments are due to the same source for the accompanying 
text figures of Pterichthys and Bothriolepis ; and we are also indebted to 
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Professor Patten for the restoration of the latter genus shown in text 
figure 12. 

General organization. Before entering into a description of individual 
forms, it is first of all necessary to understand the general structure of an 





Asterolepid, and to know the names by which the various parts found in the 
fossil state may be distinguished. For this purpose it is well to take 
Pterichthys, as being the genus best known in its entirety, if not in every 
manner of detail. 

The body armor consists of osseous plates closely fitted together, 
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closed above, below, and at the sides, but open in front for the head, and 
behind for the tail. The head is covered almost entirely by a dorsal 
shield, formed also of plates united by suture. The two pectoral limbs 
consist also of plates similarly united, and are internally hollow so far as 
their remains in the stone are concerned. 

The head shield [text fig. 7] is semielliptical in shape, rounded in 
front and truncated behind, where it joins the system of body plates. In 
the center it shows a transverse aperture, the median opening or orbit, 
slightly contracted in the middle and expanded at each of its rounded sides. 
This opening is in perfect specimens filled up by at least three other plates. 




which, being loose, are usually lost. Of these, one is in the center, quad- 
rate in shape, but with concave outer margins, and may be called the 
median or pineal plate [»/], as it shows on the internal aspect a shallow 
rounded pit, pointed out by Dr Smith Woodward as probably the impres- 
sion of the pineal body. This is by its outer concave margins in contact 
on each side with a rounded convex ocular plate [o], indicating certainly 
the position of the eye, but whether or not due to an ossification in the 
sclerotic is doubtful. [In Bothriolepis the orbits have two sclerotic plates 
each.] The nuchal region is occupied by a large plate, the median occi- 
pital [m. ore], shaped something like the conventional royal " crown," but 
without the pinnacle in the center. In front of this and immediately behind 
the median opening is a smaller plate, the postmedian [//. ;«.] ; while 
between the anterior margin of that opening and the front of the cranial 
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shield is one of larger size and somewhat quadrate shape, the premedian 
[/. ;«.]. Two large paired pieces, the lateral plates [/], one on each side, 
bound the median opening laterally, and also extend to the front of the 
shield, behind which, and forming part of the hinder margin of the buckler 
external to the median occipital, are two other paired plates, the lateral 
occipital [/. occ,~\ and the angular \a£'^. 

The upper and lateral aspect of the cranial shield is now completed by 
a plate on each side, which is only loosely articulated in Asterolepis and 
Pterichthys, though firmly sutured in Bothriolepis. This is the extralateral 
[e. /.] or opercular plate, as it has also been called by some writers. 

On the lower aspect of the head and close behind the anterior margin 
of the shield are two transversely oblong plates [frixJ], right and left, the 
position of which was first determined by Whiteaves in Bothriolepis,* an 
observation corroborated by Smith Woodward.' These plates must have 
been situated in front of the mouth, and may therefore be termed, at least 
conventionally, as maxillae. There can be no doubt that they were simi- 
larly placed in Pterichthys (** mental plates "), and in Asterolepis they were 
designated maxillae mferiores by Pander. Close to the postero-external 
angle of each of these plates there is a rounded notch, considered by Smith 
Woodward in Bothriolepis as possibly indicating a nasal opening.^ 

The anterior part of the trunk is incased in a boxlike armoring, nearly 
flat below, and vaulted above. It is composed of 13 plates, of which 3 are 
median and 10 paired, and these are united with one another by overlapping 
sutures, a marginal band along the internal surface of the overlapping plate 
being excavated to fit on to a correspondingly excavated band along the 
margin of the outer surface of the plate overlapped. 

On the upper surface we see the anterior and posterior median dorsal 

'Roy. Soc. Can. Trans. 1887. v. 4, § 4, p. 103, 104. 

'Geol. Mag. Dec. 3, 1892. 9: 484. 

3 This notch is somewhat differently placed in Bothriolepis, being fair on the outer 

margin of the plate instead of at its postero-external angle. Patten interprets the plates 

here called maxillae as mandibles. 
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plates [a. m. d. and /. m. ^.] placed one behind the other in the middle of 
the back ; passing down also on the sides are the anterior and posterior 
dorsolaterals \a. d. I. and /. d, /.]. On the under surface, and also taking 
part in the formation of the sides are two pairs of plates, the anterior and 
posterior ventrolaterals \a. v. L and /. v. /.], of which the anterior requires 
especial attention, as to it the pectoral limb is articulated. Near the 
anterior extremity of this plate, on the outer aspect and close above the 
angle which separated the lateral from the ventral surface, is a shallow 
excavation, from the bottom of which rises a peculiar process resembling a 
thick walled cup or helmet, whose hollowed out ** mouth " points outwards, 
and also somewhat backwards and downwards, the cup itself being fixed by 
a stout ridge which traverses the containing hollow from behind forwards 
and also slightly downwards. This may be called the brachial process 
(** helmet-process " of Pander) as it is grasped by the two articular plates of 
the upper arm, and thus forms the brachial joint. Immediately behind this 
brachial process is a small oval aperture, the brachial foramen, perforating 
the brachial fossa from the interior, and which no doubt served to convey 
to the arm the blood vessels and nerves required for its supply. 

The ventral surface of the carapace is completed by the median ventral 
plate [^//. v^ in the center, and in front by two very small semilunar plates 
\s. /.], each of which occupies a space cut out from the inner half of the 
anterior margin of the an tero- ventrolateral, and is in contact in the middle 
line with its fellow of the opposite side. In Bothriolepis these last 
mentioned plates seem to be represented by a single median one. 

Each of the hollow arms or brachia is divided by a transverse elbow 
joint into two segments, proximal and distal. The proximal segment or 
upper arm is trigonal in transverse section, becoming more flattened towards 
the elbow, and shows three surfaces, a dorsal slightly convex, a ventral flat, 
and a somewhat concave internal one, the latter fitting on to the side of the 
carapace when the arm is flexed. The proximal extremity of the arm is 
formed by two articular plates \d. ar. and v. ar\ dorsal and ventral, whose 
rounded and hollow proximal expansions grasp between them the brachial 
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cuplike process of the antero-ventrolateral plate of the body. These plates 
are consequently not in apposition at the joint, but are separated by an 
interval or slit, which contains and moves on the ridge attaching the brachial 
cup to the bottom of its fossa ; and this interval is closed internally by the 
internal articular plate, and externally by the upper narrow extremity of the 
external marginal.' The internal articular plate [/. ^r.], placed right on 
the inner surface of the arm below the joint, is not seen in these figures ; 
its free upper margin is concave, forming a rounded notch, over which the 
nerves and nutrient vessels of the appendage must have passed. The 
external marginal [^. w/.] forms the whole of the outer border of the upper 
arm, and has nearly opposite to it the smaller internal marginal [/. w.], while 
dorsally and ventrally this part of the limb is completed by the dorsal and 
ventral anconeal pieces [d. a. and v, a.\ 

The distal portion of the limb, or lower arm, is more flattened, and 
shows a dorsal and ventral surface, two sharp margins, external and internal, 
and a sharp apex or point. The ventral surface, and presumably the dorsal 
as well, is composed of two central pieces [c\ and six marginals \ni\ three of 
which are external, and three internal. It is the distal marginal on the 
inner side which forms the acute point or apex of the appendage, as first 
noticed by Jaekel. 

The elbow joint is somewhat complicated. Each upper marginal of 
the lower arm is furnished above with an articular process, which is received 
within the lower extremities of the internal and external marginal plates 
respectively of the upper part of the limb. Then, on the other hand, each 
anconeal plate, dorsal and ventral, of the upper arm has a small flat articular 
process below, which fits into a slit on the outer surface of the upper 
extremity of the corresponding upper central of the forearm. It is hard to 
say how much movement could have been here allowed, but from the form 
of the joint it seems probable it was limited to a slight flexion and extension, 
and possibly only in the horizontal plane, as in the case of the shoulder. 

' In Bothriolepis, however, the slit is completed externally by the two articular plates 
coming together above the external marginal. 
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The tail (in Pterichthys) is covered with small, rounded, slightly imbri- 
cating osseous scales, which are arranged in longitudinal rows, and also in 
transverse bands. On the dorsal aspect behind the carapace there is a small 
median fin. Along the dorsal margin the scales are different in shape from 
those on the sides ; in front of the fin they are in the form of a few narrow 
longitudinal median plates ; behind it they are elongated and imbricating, 
like the fulcra or V-shaped scales along the body prolongation of the tail of 
a Palaeoniscid fish. The dorsal fin is triangular, acuminate, and covered 
with small scales, no distinct **rays" being seen; and along its anterior 
margin some prominent elongated scales are placed, producing an appear- 
ance which has been mistaken for a spine. The hinder extremity of the fish 
is formed by a completely heterocercal caudal fin, the body axis curving 
upwards as a pointed and slightly arched prolongation, and giving origin 
below to a fin expanse which is triangular in form, or slightly excavated 
behind, but not bilobate. 

On the body and head there was a well marked lateral sensory canal 
system, indicated by grooves on the external surfaces of certain of the 
osseous plates, which grooves have often been mistaken for sutures, espe- 
cially those on the cranial shield. On each side the lateral groove passes 
from behind forwards over the posterior and anterior dorsolateral plates, 
and thence on to the external occipital, where it at once bifurcates, a trans- 
verse branch passing across the median occipital to join its fellow of the 
opposite side. The main groove then runs forward on the lateral cranial 
plate, and arriving in front of the median opening it bends inwards to join 
the opposite groove on the premedian plate ; a slightly different arrange- 
ment, however, is seen in Bothriolepis, as we shall see when that genus 
comes to be specially considered. 

Genus asteroiIepis Eichwald 
Definition. Median dorsal plate overlapping both the anterior and 
posterior dorsolateral plates. Arms shorter than the system of body plates ; 
articular plates of the upper arm scarcely meeting externally over the 



40 NEW YORK STATE MUSEUM 

external marginal. Postmedian plate of the head large and broad, exclud- 
ing the median occipital from the margin of the orbit ; premedian plate 
notched in front ; extralateral plate loosely articulated with the rest of the 
cranial shield. Superficial ornament consisting of raised tubercles with 
stellate bases, which may be sometimes confluent. Lateral line system on 
the head connected by two commissural canals, a posterior one crossing 
the hinder part of the median occipital, and an anterior one crossing the 
premedian plate in front of the orbit. Tail unknown. 

The characters of this genus, so far as known, do not differ from those 
of Pterichthys except as regards the mode of articulation of the anterior 
median dorsal plate, and in the arrangement of the terminal plates of the 
pectoral appendage. No specimens of Asterolepis have yet been discovered 
however which show the tail. Like Bothriolepis this genus has hitherto 
been supposed to be confined to the Upper Devonic, but the species imme- 
diately to be described proves that its geological antiquity is almost equal 

to that of Pterichthys.' 

Asterolepis clarkei sp. nov. 

Plate 7, figure 7, 8 

An imperfectly definable species, known only by a unique example of 
the posterior dorsomedian plate, which is about two thirds the size of that 
in A. maxima, and exhibits the characteristic features of the genus. 
The plate is steeply arched from side to side, the slopes uniting mesially 
in a longitudinal carina along which the tubercles are densely crowded, and 
in part overlapping. Elsewhere the surface is covered with relatively 
coarse, conical nonstellate tubercles, which are rarely confluent, but tend 
to become arranged in concentric fashion over the anterior portion of the 

*That is to say, on the assumption that the obscure fragments from the Siluric of the 
Baltic provinces described by Pander as P. e 1 e g a n s, P. harderi, and P. striatus 
properly belong to this genus. The species which have received these names are regarded 
as possibly founded upon fragments of Asterolepis ornata by E. von Eichwald, 
Lethaea Rossica^ i860, i: 1507. Portions of Asterolepidlike appendages have also been 
described by Professor Patten from the Siluric of Oesel, but are referred by him with 
very slight probability to Tremataspis amongst the Osteostraci, in which such organs arc 
unknown. ["On the Appendages of Tremataspis." Am. Nat. 1903. 37: 223-42.] 



DEVONIC FISHES OF THE NEW YORK FORMATIONS 4 1 

plate. Abruptly truncated in front, and with linear lateral margins in the 
anterior half, the posterolateral borders of the plate converge toward 
the hinder extremity in a gently undulating curve. The under internal 
surface of the plate is smooth without either a longitudinal ridge, pits or 
transverse folds, such as sometimes occur towards the posterior end in other 
species. The extreme width of the plate is slightly in excess of the total 
length, which amounts to 4 centimeters in the type specimen. 

Owing to the favorable state of preservation of this interesting speci- 
men it is possible to examine all of its characters. By a blow of the ham- 
mer, which broke open the matrix, a portion of the bone substance was 
splintered into fragments and lost. The remaining pieces, however, were 
carefully collected, cemented together and embedded in a plaster mold 
which was prepared from the impression left in the rock by the inferior 
surface of the plate. Similarly, an impression of the tuberculated external 
surface is preserved in the opposite counterpart. The distinctive characters 
of the plate, which consist in its highly elevated form, prominent carina 
and nature of the superficial ornament, are well illustrated in the figures 
that are given of the bone itself and the impression of its inferior surface. 

The type of the species was collected from the sandstone beds exposed 
on the Chapman Plantation in Aroostook county, Maine, sometimes referred 

% _ _ _ 

to as the Chapman sandstone. The invertebrate species accompanying this 
fish constitute a fauna of early Devonic age, as abundantly confirmed by 
the complete elaboration of the species.* The type specimen of A. 
clarkei is preserved in the New York State Museum. 

Formation and locality. Chapman sandstone (Lower Devonic) ; Chap- 
man Plantation, Aroostook county, Me. 

'Science, Dec. 28, 1901; Am. Ass*n Adv. Sci. Proc. 1901. 

According to Clarke the evidence indicates an assemblage having a strong element 
of affiliation with the Coblentzian (Lower Devonic) of the Rhine and certain identities 
with the Helderberg and Oriskany of New York. This restudy of the fauna shows no 
dependable relationship to the Siluric. 
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Genus bothbiolepis Eichwald 

Definition. Premedian plate of head shield not notched in front; post- 
median small, not excluding the median occipital from the posterior 
boundary of the orbit ; extralateral, if present, small and narrow. Posterior 
commissural canal of head shield formed by a V-shaped groove, the apex 
of which is situated on the median occipital, and the anterior termini in 
about the center of the lateral plates. Anterior dorsomedian plate over- 
lapping the antero-dorsolateral, but overlapped by the postero-dorsolateral 
plate. Pectoral appendages at least as long as the armored trunk, seg- 
mented into a distal and proximal portion, the latter being much larger than 
the former, which is narrow and tapering ; marginal scutes of the proximal 
portion meeting mesially, with a minute anconeal element only on the dorsal 
aspect ; articular plates in contact for some distance above the external 
marginal on the outer aspect ; marginal and central scutes of distal portion 
more numerous than in Pterichthys. Tail naked ; two dorsal fins. 

A knowledge of the structure of this genus being indispensable for a 
correct understanding of the group, it is not surprising that the magnifi- 
cently preserved specimens of B. canadensis, from the Upper Devonic 
of Quebec, should have invited the most searching investigation on the part 
of palaeichthyologists. The Canadian material is certainly unrivaled for 
exhibiting finer anatomical details, and but for the information so derived 
it would be difficult to interpret the poorly preserved remains occurring 
elsewhere in this country and in Europe. Bothriolepis is regarded as the 
characteristic Asterolepid genus of the estuarine aspect of the Upper 
Devonic, and is represented by four American, and some half dozen foreign 
species in strata of that age. 
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Bothriolepis canadensis Whiteaves 

Text figures lo-xa 

1880 Pterichthys (Bothriolepis) canadensis J. F, Whiteaves. Am. 
Jour. Sci. [3] 20: 132 

1881 Pterichthys (Bothriolepis) canadensis y^./^ Whiteaves. Can. Nat. 
n. s. 10: 26, 28 

1885 Bothriolepis canadensis E. D, Cope, Am. Nat.. 19: 290 
1887 Bothriolepis canadensis E, D, Cope, Origin of the Fittest, p. 323, 
fig. 62 

1 887 Pterichthys (Bothriolepis) canadensis J. F. Whiteaves, Roy. 
Soc. Can. Trans, v. 4, § 4, p. loi, pi. 6-9 

1888 Bothriolepis canadensis R. H, Traquair, Geol. Mag. [3] 5 : 509, and 
Ann. Mag. Nat. Hist. [6j 2: 496, pi. 18, fig. 6 

1889 Bothriolepis canadensis J. F, Whiteaves, Roy. Soc. Can. Trans, v. 6, 

§ 4. p. 91 

1892 Bothriolepis canadensis A, S. Woodward, Geol. Mag. [3] 9: 484 

1893 Bothriolepis canadensis H, S, Williams. Am. Jour. Sci. [3] 46:286, 
text fig. 3-5 

1898 Bothriolepis canadensis E. D. Cope. Syllabus of Lectures on Verte- 

brata, p. 16, fig. 2 
1898 Bothriolepis canadensis A. S. Woodward. Outlines of Vertebrate 

Palaeontology, p. 14, fig. 13-15 
1904 Bothriolepis canadensis W. Patten. Biol. Bui. 7: 113, fig. 1-6 
1904 Bothriolepis canadensis R. H. Traquair. Fishes Old Red Sandstone, 

Monogr. Pal. Soc. 2, pt 2, p. 109, fig. 57-59 

A Species of moderate size, the head and trunk attaining a length of 
about 0.17. Head much broader than long, about one half as long as the 
dorsal armoring of the trunk; trunk broadly ovate, the sides overhanging 
the narrowly ovate ventral surface. Proximal segment of pectoral append- 
ages broad, but elongated ; distal segment relatively slender, only slightly 
ornamented, two thirds as long as the proximal segment ; outer and inner 
margins coarsely serrated. Anterior median dorsal plate as broad as long, 
more or less keeled in its posterior two thirds ; posterior median dorsal 
plate longitudinally keeled, the keel rising to a slight eminence near the 
posterior margin. Ornament consisting of fine rounded tubercles fused 
into nodose, vermiculating ridges ; those near the edges of the dorsal plates 
often displaying concentric arrangement. ( Woodward) 
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The following detailed account of the structure of this extremely 
important species has been compiled chiefly from the recent papers of 
Traquair and Patten, cited in the above references to the literature. 

The head shield occupies nearly one third of the entire length of the 
armoring, and shows, on the upper surface, an orbital opening which is 
smaller and further back than in Asterolepis. The median occipital plate 
[text fig. lo m. oce.l has its lateral margin more perpendicular to the pos- 




terior one than in the last named genus ; its- anterior aspect shows not 
merely a shallow reentering angle for the postmedian plate, but a deep 
semielliptical notch or excavation, on each side of Which it takes part in the 
formation of the posterior boundary of the orbit. Consequently the post- 
median plate is small, entirely received in the aforesaid notch of the 
median occipital, and thus excluded from joining the laterals as in Pterich- 
thys and Asterolepis. The lateral occipitals [/. occ.\ and the angular [ag\ 
do not call for any special comment, but the laterals [/] are much broader 
than in Asterolepis, while the extralaterals [e. /.] are verv small, narrow, and 
pointed in front. 
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The orbital opening [^] is, as already mentioned, small compared. with 
that of Asterolepis, and, moreover, its anterior margin shows scarcely any 
reentering flexure. Its right and left portions are almost completely filled 
by a system of sclerotic pjates, the two inner ones being very considerably 
larger than the two outer, and the middle portion is covered by two loosely 
attached plates, namely the median or pineal [;;/], and a very narrow 
T-shaped plate x (called by Patten the ** ethmoid") close in front of it. 
From the center of this narrow plate, as shown by Whiteaves and con- 
firmed by Patten, a small linear process with expanded lower extremity 
passes down perpendicularly into the interior of the head, almost reaching 
a thin transverse shelf of bone which projects downwards from the under 
side of the premedian [/. w.] The space thus partitioned off beneath the 
premedian is interpreted by Patten as an ** olfactory chamber," and certain 
conjectures are hazarded by him as to the course of the olfactory nerves, 
which will be referred to presently. The median plate of the ocular open- 
ing is nearly perforated by a deep pineal foramen, similar to that occurring 
in Pterichthys, and often indicated by a low tubercle on the external sur- 
face. Two other pits, shallower than the first and without any external 
indications of their presence, are symmetrically placed behind it on the 
under side of the small postmedian plate. The unpaired pit is in all prob- 
ability to be regarded as the impression of the pineal body, but it is difficult 
to imagine what may have been the function of the posterior pair. Analogy 
with all other vertebrates does not permit us to entertain the suggestion, 
put forward with some confidence by Professor Patten, that these three pits 
are of similar nature and indicate the presence of a triocular median eye.* 

A matter of absorbing interest is the arrangement of mouth parts in 
this species, now very satisfactorily known. Beneath the head shield at its 
front extremity [text fig. 1 1 ntx\ there is observed a pair of thin, concave 
plates of bone with free median and posterior margins, the latter being 
sharply beveled and serrated. These plates are quite similar to those 
called the maxillae in Pterichthys [text fig. 8 nix\ but are less extensively 

*New Facts Concerning Bothriolepis. Biol. Bui. 1904. 7: 121. 
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in contact mesially, and are notched at the anteroexternal instead of at the 
posteroexternal angles. The greater part of the exposed surface of each 
plate is feebly- rugose and marked by a sharply bent sensory canal, thus 
recalling well known Arthrodire conditions, and confirming their interpreta- 
tion as maxillae.' In the majority of specimens, these plates, and also the 
much more delicate pair of mandibular elements, are more or less displaced, 
but this circumstance alone furnishes no reason for supposing that the two 
pairs did not work directly against each other, or that the right and left 
halves of either pair were capable of independent motion, as in Arthropods. 
Neither are we compelled by the form of the mouth parts to make any 
anomalous suppositions as to their movements or relations to one another, 
although it is evident that they are merely dermal ossifications, and there- 
fore of different nature from the jaws of higher vertebrates. 

The pattern of the cephalic sensory canal system is considerably dif- 
ferent from that in Asterolepis and Pterichthys. No transverse commissure 
unites the lateral canal of each side across the occipital plates ; but in front, 
just at its incurved flexure on the lateral plate, a conspicuous branch is 
given off, which runs forwards and outwards to the margin of the shield, 
being very likely continuous with that on the maxillary plates on the lower 
side of the head shield. On the median occipital two fainter canals are 
observable, forming an angle with each other but not always uniting 
behind, and extending outwards and forwards over the lateral plates until 
they become confluent, or almost confluent, with the lateral canal near its 
central point of flexure. Near the same point, on the inner side of the 
main groove, a small ear-shaped mark is often, but not always to be seen. 
The main groove is continued nearly parallel with the periphery until it 
reaches the center of the premedian plate, where it is sometimes interrupted 
for a short distance. 

The articulations of the body plates are as in Pterichthys, the anterior 
median dorsal [a. m, rfl] overlapping the antero-dorsolateral [a. d. /.] of 

'Professor Patten, however, insists that these plates are mandibular, and that the 
smaller, S-shaped pair are maxillary \loc. cii, p. 118]. 
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either side, but being itself overlapped by the postero-dorsolaterals [/. d, /.]. 
On the under surface [text fig. ii] the place of the two semilunars of 
Pterichthys is filled, according to Professor Patten, by at least three 
pieces, the posterior margins of which are assumed by the same author to 
have been ** freely movable in a dorsoventral direction, like an operculum."' 
The course of the lateral sensory canals is exactly the same as in the body 
plates of Pterichthys, but in addition two shallow linear grooves diverge at 
a slight angle from about the center of the antero-dorsomedian plate, and 
extend across the postero-dorsolaterals. 

The pectoral appendages are longer than the dorsal aspect of the 
body armor, and even pass beyond the termination of the ventral surface. 
The proximal portion is also longer than the distal, though the proportion 
seems to vary ; roughly speaking, however, the difference between the two 
portions is less than one third of the longer. The proximal portion is, like 
that of Asterolepis, trigonal in transverse section, and the plates of which 
it is composed are also similar in number and arrangement, save that the 
dorsal aconeal \d, ^.] is a smaller rounded element placed just at the 
** elbow " joint, whereby the external and internal marginals are allowed to 
come together for a considerable distance between it and the distal 
extremity of the dorsal articular \d. ar\ The two articulars, as noted in 
the generic diagnosis, meet together on the outer aspect over the external 
marginal ; this relation, however, is not always clearly visible in the 
Canadian specimens, though demonstrable in many fragments from Scot- 
land and Russia. The lower or **fore" arm is slender and pointed, 
serrated along the external and internal margins, and composed of a 
greater number of pieces than in Pterichthys or Asterolepis. 

For our knowledge of the trunk, caudal, and two dorsal fins in this 
species, which is the only one of the genus showing these features, we are 
indebted to the painstaking investigation of Professor Patten, who has 
presented the following preliminary account of his observations:* 

'Structure of the Ostracoderms. Science, n. s. 1903. 17: 489. 
'Biol. Bui. 1904. 7 : 113. 
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The trunk [text fig. 12] was very slender and covered with a soft skin 
devoid of scales or of any other markings 
except those mentioned below. In spite of 
its delicate structure it is often only moder- 
ately compressed or distorted. In the region 
of the posterior dorsal, it may present a somc- 
I what triangular cross-section, resembling that 
1 of Cephalaspis in a corresponding region, but 
S- without any traces of a lateral fold or of fring- 
; ing processes [/. c, fulcra, or marginal scales 
B of Other authors]. 

■^ A few small irregular plates, with the 
= typical sculpture of the buckler, are embedded 
I in the skin along the dorsal surface, immc- 
s diately in front of the anterior dorsal, and 

1 numerous minute ones are scattered irregu- 
i larly over the flanks in the same region. One 
^ specimen shows indications of a lateral groove, 
s and, dorsal to It, a few oblong folds suggeo- 
E tive of segmentation. 

' The anterior dorsal fin is low and elon- 
g. gated, the posterior one very high and 

2 rounded. Both fins are often preserved with 
s wonderful clearness, but show no other detail 
■^ than a faint striation probably due to the 
; presence of delicate subdermal rays. 
s The elongated tail, with its axis slightly 
$ curved, terminates in a narrow band. The 
.: dorsal margin consists of a delicate mem- 
5 brane, strengthened by a row of curved rods 
« lying close together and arranged with great 
; regularity. The basal ends of the rods are 
.: swollen, and one is turned a little to the left, 
^ and the adjacent one, to the right of the 
-^ median hne. The rods extend on to the ven- 
- tral margin of the terminal band, into the 
" ventral lobe. The latter is faintly striated 
^ like the dorsal fins. Its anterior ventral 
'^ margin appears to divide, as though it were 

continued forward into the lateral folds, 
although no such folds have been detected m 
the trunk region. 

There are no indications whatever, either 
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in surface views or in sections, of vertebral centra or arches, and the pres- 
ervation of the specimens is so perfect that there is every reason to believe 
such structures, even if formed of cartilage only, were absent. Neither have 
we found any induration of a notochord, although one may infer from the 
outline of the trunk that a notochord was present. It was probably sur- 
rounded by a membranous sheath of no more consistency, if as much, than 
that in Amphioxus. 

We may now return, finally, to a consideration of one or two doubtful 
matters. Neither on the dorsal nor ventral surface of the head region are 
there any certain indications of olfactory openings. It has been suggested 
by Smith Woodward, however, that the rounded notch occurring at the 
external angles of the maxillary plates in Pterichthys and Bothriolepis may 
indicate the opening of a nasal sac, and it is indeed difficult to conceive 
what other function it could have subserved. Professor Patten offers no 
explanation of the notches in question, but advances the novel idea that 
the olfactory and orbital openings w^ere confluent. The pineal plate and 
the T-shaped one in front of it, alongside of which the olfactory nerves are 
supposed to have passed according to Patten's conjecture, were capable of 
being moved forwards and backwards, coincidently with the sclerotics, the 
eyes and olfactory pits being opened by one set of movements, and closed 
by a reverse set. An awkward defect of such a contrivance, if it ever 
existed,- is that the creature could not smell with its eyes shut. One might 
esteem it a doubtful advantage, also, that the same opening in the head 
shield should have served for both sight and smell. Possibly it is on this 
account that the ingenious author whom we have just quoted imagines that 
the eyes **were placed on short stalks attached to the margin of the orbits 
by flexible membranes. The lateral end of each stalk was convex, covered 
with a smooth shell, and could evidently be raised above the orbit or 
lowered into it."' Comment on these extremely fanciful hypotheses is 
unnecessary. 

Formation and locality. Upper Uevonic ; Scaumenac bay, province of 
Quebec, Can. 

* Structure of the Ostracoderms. Science. n.*s. 1903. 17:488. 
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Bothriolepis nitida Leidy 

Plate 3, figure 4; plate 7, figure i 

1856 Stenacanthus nitidus /. Leidy. Acad. Nat. Sci. Phila. Proc. 8: ii; 

Acad. Nat. Sci. Phila. Jour. [2] 3: 164, pi. 16, fig. 7, 8 
1856 Holoptychius americanus (pars) J, Leidy, Ibid, p. 163, pi. 17, fig. 4 
1889 Bothriolepis leidyi J. S, Newberry. U. S. Geol, Sur. Monogr. 16: iii, 

pi. 18, fig. 2, pi. 20, fig. 1-5 
1891 Holonema rugosa E. D, Cope (errore). U. S. Nat. Miis. Proc. 14: 456, 

pi- 30, fig. 7 
1893 Bothriolepis canadensis JL, S, Williatns (errore). Am. Jour. Sci. [3] 

p. 286, text fig. 5 
1899 Bothriolepis leidyi C, R, Eastman. N. Y. State Geol. 17th An. Rep't, 

p. 324 

An imperfectly definable species known only by fragments of the 
dermal armor and appendages. Superficial ornament consisting of fine 
stellate tubercles fused into nodose vermicular ridges. Pineal plate rela- 
tively large and of semicircular outline. Form and general proportions of 
pectoral appendages as in the preceding species, except that only the 
external margin is serrated. 

This species appears to have equaled, or even have exceeded the 
average ofB. canadensis in size, and displays a similar ornamentation. 
The stellate character of the tubercles rarely appears in worn specimens, 
and the ornament is coarser in large sized than in smaller or younger indi- 
viduals. As indicated by a fragment of an extremely large example 
belonging to the New York State Museum [pi. 7, fig. i], one that even 
surpasses Asterolepis maxima in size, the appendages were attached 
to the antero-ventrolateral plate considerably further back than is usual 
amongst other species. The proximal portion of the limb in this particular 
specimen has a width of no less than 2.4 centimeters. The **fore" arm of 
another specimen belonging to the same museum is shown in plate 3, 
figure 4, in which the pointed terminal portion is well preserved. Three 
central elements can with difficulty be recognized besides the terminal, iri 
which ca.sc we should expect to find four marginals ; but neither in this 
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specimen nor in any previously figured appendage are their boundaries 
clearly discernible. 

Only a few fragmentary examples of the head shield have thus far 
been obtained. One such belonging to the Museum of Comparative 
Zoology at Cambridge, Mass. is notable for having the orbital region well 
preserved, with the pineal element in place, and for exhibiting both 
external and internal (visceral) aspects of the postmedian plate. Two 
shallow rounded pits, similar to those that have already been observed in 
B. canadensis and Asterolepis maxima, but separated by a 
small, tumid T-shaped septum, occur in about the center of the latter plate 
on the inferior surface. The pineal plate is much larger than the corre- 
sponding element in other species, and is semicircular in outline, instead of 
quadratic. A tubercular swelling seen on the dorsal surface would seem 
to indicate the presence of a pineal pit beneath. No other plates remain 
in the orbital opening of the specimen in question. 

The fact has already been noted by Newberry and Smith Woodward 
that in the groups of detached plates belonging to this species, the large 
anterior dorsal is more numerous than any of the others, its greater 
frequency being ascribed by these authors to sorting of material through 
current action during deposition of the sediments. One might suppose, 
also, that this plate was better able to withstand injury on account of the 
solidity imparted to it by the strong median keel running along the median 
line of the under side. At all events it is certain that the keelless postero- 
dorsomedian plate is far less commonly preserved. 

Formation and locality. This species occurs typically and in great 
abundance in the Catskill of Tioga county, Pennsylvania, but has been 
reported from but a single locality in New York State, along the line of the 
Ontario and Western Railroad between Merrickville and North Walton, in 
Delaware county. 
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Bothriolepis minor Leidy 

1889 B o t h r i o ! e i> t s minor /. -V. Nfici'eny. U. S. (ieol. Siir. Monogr. 16: 1 1 2, 

|.l. 2o, fig. (i-8 
189a Holhrioleiiis minor ED. Cope. Am. I'liilos. Soc. I'roc. 30:224 
1899 liothrioleiiis minor C. R. Eastman. N. Y. State Geol. 17th An. Rep't, 

\i. 324, text fig. s 

This species is readily distinguished from the preceding by its smaller 

size and very much finer ornamentation, the external surface being covered 

with fine, closely' crowded, vermiculating ridges. U nfortunately, it is 

known only by detached plates, amongst which the head 

and appendages are excessively rare. The latter are 

of about the same relative proportions as tn B, n i t i d a. 

Concerning the head shield it is stated by Cope that 

"one of the characters of the species is seen in the 

fact that the sensory grooves of the median occipital 

plale do not extend to the smooth articular border, but 

arc separated from it by a band of sculpture. The pre- 

"'. . median plate is crossed by a groove which presents an 

\t-i«tf,. An.tro-dor,«,n,.- abrupt loop baclcwards at the middle." 

icrn^i] orfi>nicntai!u». caT*. j\s IS commonlv thc case in this class of remains. 

lill >:iiii!iln„r; l)cl^»..ie ' ' 

cuuri.v, \. V. tii(. antero-tlorsomedian plate is of more frequent occur- 

rence than any other, though seldom found entire. Its orientation may be 
easily determined by means of the V-shaped sensory canals which diverge 
from about the center of thc plate, or, in case the superficial ornament is 
denuded, by means of the longitudinal keel which traverses the median line 
of the plate for about three fourths of its length. A specimen of this 
character is illustrated in the accompanying text figure. 

Formation and locality. Chemung group of Bradford county, Pennsyl- 
vania, and Catskill of Delaware county, New York. According to New- 
berry, a species similar to this, and perhaps identical with it, occurs in the 
Devonic of Belgium. 
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Bothriolepis coloradensis Eastman 

1904 Bothriolepis coloradensis C. R. Eastman, Am. Jour. Sci. [4] 18: 254, 
text fig. 2, 4 

This, the largest known American species of Bothriolepis, is chiefly 
interesting on account of its geographical and geological occurrence, and 
for the evidence it furnishes regarding Asterolepid distribution. Although 
the length of the appendages has not been determined in this form, the 
general configuration of the ventral surface, and particularly the lozenge- 
like form of the ventromedian plate, sufficiently warrant its reference to this 
genus. Its relations seem to be rather with the Canadian than with either 
of the Chemung-Catskill species occurring in the eastern United States. 
Add to this the fact that no Asterolepid remains are known from the Upper 
Devonic horizons of the middle west, although other Chemung forms are 
present in abundance, it is difficult to trace the line of migration so as to 
connect the Rocky mountain species with those in New York and Pennsyl- 
vania. On the assumption that the former is a European immigrant, two 
other routes are available, one lying to the northward, by way of Canada, 
and the other to the southward, around the end of the Appalachian chain. 
A further discussion of this question may be reserved for a subsequent 
section of this memoir. 

In the original description of this species, two figures were introduced 
for the purpose of comparison w^ith Scottish specimens which bore the 
designation of Bothriolepis major, and were reputed to have been 
derived from the well known locality southward of Elgin. Recently, a 
more attentive examination of these specimens ' and of the matrix in which 
they are inclosed has led the writer to believe that they could not have 
been collected at Elgin, but most likely from the Upper Old Red sand- 
stone of the immediate vicinity of Nairn. Now these Nairnshire plates, 
which in former years were universally known under the name of P t e r- 

^ The median ventral in particular is broader and more ovately lozenge-shaped than 
in Bothriolepis major, and the specimen shown with all the ventral plates in 
apposition is one of the best ever found of this species. 
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1 c h t h y s major, have been found by Dr Traqiiair to belong to ** a very 
different creature from the Pterichthys (Bothriolepis) major 
of the adjoining district of Elgin," and are determined by him as Astero- 
lepis maxima. The same author further observes that ** it is remark- 
able that -while Asterolepis maxima is unknown in those strata 
round Elgin which are characterized by Bothriolepis major, not a 
single remnant of any species of Bothriolepis has ever been found in the 
Asterolepis-bearing beds at Nairn. Other fish remains are very rare in 
these beds, but such as I have obtained leads me to suspect that we have 
here to deal with quite a different fauna from that of the closely adjoining 
district of Elgin." Accordingly, the identification of the two figured 
specimens referred to should be amended so as to read ** Asterolepis 
maxima, from Nairn." 

Formation and locality. Elbert formation (Upper Devonic) ; Rock- 
wood and Devon Point, Col. 

Class PISCES 
Subclass ELASMOBRAKCHU 

Order F^LEUROPTERYGII 

The only known representative of this order, and at the same time, as 
indicated by the condition of its paired fins and other features, the most 
primitive type of Elasmobranch yet discovered, is the Upper Devonic 
and Lower Carbonic genus Cladoselache. Amongst all fossil fishes this 
genus is regarded as furnishing the most important testimony in favor of the 
lateral fin fold hypothesis. In view of its extreme importance from a mor- 
phological and phylogenetic standpoint, it seems desirable to offer the follow- 
ing account of its organization, compactly drawn up by Smith Woodward : 

The fish is elongated and round-bodied, with a short blunt snout and 
forwardly placed eye. The precise characters of the cranium are unknown ; 
but the olfactory capsules are large, placed close together, and terminal. 
The mouth is also terminal, the upper and lower jaw being similar in shape 
and size, and supported by a slender elongated hyomandibular. The teeth 
are largest, longest, and most acutely pointed at the symphysis of the jaw, 
smallest and shortest at the angle of the mouth. The transverse series 
are closely apposed, and not separated as in the modern Chlamydoselachus ; 
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they are indeed tightly wedged together, and the cusps are frequently 
much abraded by wear. Every tooth has a principal cusp with variable 
smaller lateral cusps, and the broad base of each is overlapped by its suc- 
cessor behind. The number of gill arches is uncertain, but five are known, 
and the presence of one or two others is suggested by some specimens. 
The neural and haemal arches of the axial skeleton have been observed 
only in the caudal region, where they are short tapering rods of cartilage, 
bifurcated at the base and distinctly corresponding in number with the 
calcified remains of the muscle plates. Intercalary cartilages are wanting. 
The small basal cartilages of the paired fins seem to be embedded in 
the body wall, and the unjointed radial cartilages extend directly outwards 
to the edge of the membrane. There are no claspers in the pelvic fins, 
and both these and the pectoral fins were probably mere balancers, directed 
somewhat downwards. Two low dorsal fins have been observed, both 
destitute of an anterior spine,' but strengthened by simple cartilaginous 
rays extending to the edge of the fin membrane. No anal fin has been 




Fig. X4 Cladoselache f yie ri Newberry. Cleveland shale (Upper Devonic); Ohio. Lateral aspect, anterior dorsal fin 
spine omitted, x x-ao (From Dean) 

distinguished. The caudal fin [text fig. 14] is strongly heterocercal and 
very remarkable. The neural arches seem to persist even to the end of 
the upturned axis, directly supporting the thick radial cartilages of the 
superior lobe of the caudal fin. The dermal membrane of the inferior lobe 
of the caudal fin is supported by simple cartilaginous rays only in its lower 
portion where they extend quite to the margin. The eye is surrounded by 
a double series of small dermal plates ; but the remainder of the fish is 
covered only with minute lozenge-shaped denticles, which are apparently 
not enameled. The latter are slightly enlarged at the angles of the mouth, 
where they approximate in size and shape to the smallest of the teeth. 
The lateral line extends along the trunk between two series of the shagreen- 
like granules, and was thus presumably an open canal. A short dermal 
expansion forms a horizontal keel on each side of the caudal lobe just in 
advance of its upturned end. The largest known examples measure nearly 
2 meters in length. 

We have said that this genus is looked upon as furnishing important 

'This statemenc requires to bt amended, 1)- Dean having discovered at least one 
specimen in which the anterior dorsal fin is provided with a powerful Ctenacanthus like 
spine. 
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support for the doctrine of the evolution of tins, which now ranks as a fairly 
well demonstrated principle. In the first place, it is important to bear in 
mind that the paired fins of Cladoselache are the oldest know^n structures 
of the kind which are clearly observable ; and secondly, they approach more 
closely than any others to the hypothetical primitive type from which all 
paired limbs have been derived. Briefiy stated, the lateral fin fold theory 
assumes that fishes originally possessed on each side of the body a con- 
tinuous fold of skin, strengthened by parallel cartilaginous rods extending 
outwards from the body wall, this fold becoming subdivided into the pairs 
of pectoral and pelvic (ventral) fins as we know them in modern forms. 

Now it has been shown by Ur Bashford Dean that in Cladoselache 
the paired fins were mere balancers with a more extended base line than is 
usual. The series of parallel cartilaginous rods, which in a primitive con- 
dition supported the lateral fin fold, exist practically unmodified in the 
pelvic fins, simply clustered and partly fused within the body wall of the 
pectoral fins. Dean, Cope, and others are of the opinion that there is a 
tendency in the pectoral fin for the hinder end of the row of basals to 
rotate outwards — a process which would reduce the point of attachment 
of the fin to what was originally its front angle. The outwardly turned row 
of basals w^ould in this case correspond with the median axis of the well 
known paddle in Ceratodus and Pleuracanthus, and one may without diffi- 
culty conceive of a fringe of cartilaginous rays developing quite secondarily 
along the hinder border of this axis. Hence, as argued by Dean and Cope, 
the modern tribasal or dibasal shark's fin can not have evolved from the 
paddlelike **archipterygium," but these two kinds of fin must have arisen 
independently from the **ptychopterygium," as the arrangement has been 
appropriately termed by Cope.' 

' For interesting discussions of this subject, one may consult the following: Mollier, 
S. Die paarigen Extremitaten der Wirbeltiere. I. Das Ichthyopterygium. Anatom. lleftc, 
3: 1893; Dean, B. Contributions to the Morphology of Cladoselache. Jour. Morphol. 1894. 
9:87-114; A new Cladodont from the Ohio Waverly. New York Acad. Sci. Trans. 1894. 
13: 115-^19; The Fin-fold Origin of the Paired Limbs, in the Light of the Ptychoptervgia 
of Palaeozoic Sharks. Anatom. Anzeig. 1896. 11:673-79; Woodward, A. S. The Problem 
of the Primeval Sharks. Nat. Sci. 1895. 6:38-43; Ibid, 1892. i : 28-35. 
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Cladoselache sp. ind. 

Plate 8, figure i 

The few species of Cladoselache that are known have been found 
only in the Cleveland shale ( Upper Devonic) and Waverly (Lower Car- 
bonic) of Ohio. This statement is made, however, without taking into 
account the numerous teeth known as Cladodus, some of which may possi- 
bly belonj^ to the Pleuropterygii. Under these circumstances it is interest- 
ing to note the undoubted occurrence of the genus in the Portage beds of 
western New York, as indicated by a well preserved pectoral fin belonging 
to the Buffalo Society of Natural Sciences. This was obtained a few years 
ago by Mr V. K. Mixer, of Buffalo, from a concretion in the Naples shale 
of Eighteen Mile creek, near the shore of Lake Erie, and was by him sub- 
mitted to the present writer for examination. Later it was placed in the 
hands of l)r Dean for study, who has promised a more detailed description 
of it in connection with newly discovered Ohio material. We may there- 
fore content ourselves at present with a mere indication of the occurrence 
of Cladoselache in a new horizon and locality, and with remarking upon the 
decidedly primitive condition of the fin. This is indicated by its acutely 
triangular, almost spinelike form together with the lack of crowding and 
concentration of the numerous rays. The apex is more acutely pointed 
than in any form hitherto described, and the radials, upwards of yo in num- 
ber, apparently extend inside the body wall. Characters of this nature are 
regarded by Dean ' as suggestive of Acanthodian affinities, but it appears 
tolerably certain that the two types of fins can have but a very remote 
connection. The reasons for the latter view are thus stated by Dr A. S. 
Woodward . ' 

In conclusion, one word of protest against the American idea that the 
paired fins of Cladoselache can be compared with those of an Acanthodian. 
We venture to maintain that these fins are fundamentally different in every 
respect. In Cladoselache the cartilages of the internal skeleton are well 
developed and support the whole fin membrane ; in Acanthodians, w^hat- 

' The Fin-fold Origin of the l*aired Limbs, in the Light of the Ptychopterygia of 
Palaeozoic Sharks. Anatoni. Anzeig. 1896. 11:678. 

* The Problem of the Primeval Sharks. Nat. Sci. 1895. 6: 42. 
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ever view we may adopt as the naming of the parts, these cartilages are as 
much reduced as in a modern herring. Dr Dean speaks of the ** radials " of 
Cladoselache as if, by fusion, they might readily become a fin spine like 
that of the Acanthodian Parexus ; but the former are cartilage and endo- 
skeletal, the latter is merely the ordinary dentine and therefore presumably 
exoskeletal. The problem of the primeval sharks continues to present 
endless difficulties, but these are only multiplied by such comparisons. In 
the present writer's opinion, the pectoral of Cladoselache is more remotely 
connected with that of the Acanthodians than is that of a modern Siluroid 
with the pectoral of the Devonic Holoptychius. Everything still tends to 
show that the very highest Elasmobranchs lived simultaneously with almost 
the lowest in late Paleozoic times ; while sharks and skates nowadays are 
a comparatively degenerate race. 

Formation and locality. Naples shale (Portage beds) ; Eighteen Mile 

creek, near Buffalo, N. Y. A tooth of an undetermined species of Cladodus 

is also recorded by J. M. Clarke,' from the Chemung beds at High Point 

(High Point sandstone), near Naples, N. Y. A mass of confused dermal 

plates, or shagreen, with prominent denticulations and possibly referable 

to Cladoselache has been obtained by Ur Clarke from the Marcellus shale 

of Leroy, N. Y., the original being preserved in the State Museum* 

Order ICHXHYOXOMI 

This order is represented in the Devonic only by detached teeth 
similar to those occurring in well known Pleuracanthid genera, and consist- 
ing of two or more sharp cusps attached to broad bases. No satisfactorily 
preserved remains, other than teeth, are known from an earlier period 
than the Lower Carbonic, and the most complete are of Permian age. It 
is customary to refer to this order most of the detached teeth known as 
Cladodus, although it is certain that teeth of the same form were common 
to several primitive genera — perhaps even to more than one family and 

order. 

Family f»jlf:ijracanthidae 

Genus diplodits 

Under this name are comprised a number of Paleozoic species known 
only by the evidence of detached teeth, hence the status of the genus is 

«U. S. Gool Siir. Bill. 16. 1885. p. 72. 
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more or less provisional. This fact being understood, it is convenient to 

retain the generic title pending such time as our knowledge of the entire 

organization remains sub judice, notwithstanding the prior employment of 

Diplodus amongst bony fishes (porgies, bass). S. A. Miller, in his work on 

North American Geology and Palaeontology, has proposed its replacement 

amongst fossils by Dissodus ; and Dr O. P. Hay prefers the earlier 

synonym of Dittodus. 

Diplodus priscus Eastman 

Plate I, figures 7, 8 

1899 Diplodus priscus C. R. Eastman. Jour. Geol. 7: 490, pi. 7, fig. i, 3 
1899 Diplodus priscus S, Weller, Jour. Geol. 7 : 484 

Teeth minute ; the two principal cusps of dental crown divergent and 
slightly inclined backward, robust, conical, round in section, without lateral 
carinae ; coronal surface marked with relatively few, prominent, slightly 
curved striae extending from the base nearly to the extremities on the 
anterior face, but shorter and usually fainter on the posterior face. Median 
denticle slender, sometimes much reduced, or in one specimen wanting 
altogether. Anterior border of root slightly produced downward ; lower 
surface concave, elliptical in outline ; posterior button developed. 

This species, together with the one immediately to be described, is 
known by a number of examples of striated teeth from a peculiar deposit 
of the Upper Devonic in the vicinity of Elmhurst, 111. As described by 
Dr Stuart Weller, who first noted the unconformable relations of the beds, 
the Devonic fossils are deeply buried in fissures of Niagaran limestone, 
appearances indicating that the joints were open, and became filled with 
sand and fossiliferous remains during the late Devonic. The sort of 
unconformity presented by this singular occurrence has also been observed 
and described by Clarke at Buffalo, N. Y. between the uppermost Siluric 
and Oriskany sandstone. It is designated by Dr Weller as ** subterranean 
unconformity." 

Formation and locality. Upper Devonic ; Elmhurst, 111. 
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Diplodus striatus Eastman 

Plate I, figures lo, ii 

1899 Diplodus striatus C. R. Eastman, Jour. (ieol. 7: 490, pi. 7, fig. 3, 4 
1899 I> i p 1 (>(l us striatus .S'. Weller, Jour. Geol. 7: 484 

Of this species only a few frajrmentary specimens were obtained by Dr 
Weller from the same locality as the last, the largest and most perfect 
beinij represented in ])late i, fijjure 10. It attains apparently about 
twice the. size of the preceding form, and is distinguished from it by its 
finer striation, shallower root, and somewhat compressed section of its 
principal cones. The striae on the anterior face all curve uniformly in 
a spiral direction, but on the posterior face the tendency is to curve out- 
ward on either side of the median line to the lateral margin of the cones, 
where they terminate, exactly as in some species of Cladodus. None of 
the specimens show the full length of the median denticle, but it was 
apparently long and slender. 

Formation and locality. Upper Devonic; Elmhurst, 111. 

(ienus PHOEBODUS St John & Worthen 

Teeth differing from those of Diplodus in having three principal cones 
of about equal size, and from one to three very small intermediate cones. 

Phoebodus politus Newberry 

Plate I, fiieiire i^ 

1889 Phoebodus politus J. S. Xewherty. U. S. (ieol. Sur. Monogr. 16:173, 

pi. 27, fig. 27-28a 
1899 Phoebodus politus C. R. Eastman, Jour. Geol. 7: 491, pi. 7, fig. 5 

Newberry's original description of this rare and interesting form is as 
follows : 

Teeth small, robust, breadth between tips of lateral cusps 6 to 12 mm, 
hight from 4 to 8 mm, base broadly elliptical, thick, wMth a broad bilobed, 
padlike prominence in the middle portion of the upper surface, concave 
below, with a narrow arch between the cusps ; cusps three, of nearly equal 
size, with minute rudimentary ones in the angles between them, all strongly 
recurved, flattened in front with salient, acute angles, rounded behind ; 
surface smooth and polished, or bearing a few short, coarse striations. 
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The relations of this species have been commonly supposed to be with 
Cladodus, rather than with Diplodus, but recent discoveries of more perfect 
examples which display the characters of the root, in this and other species, 
leave no doubt as to the Pleuracanthid nature of these teeth. An illustra- 
tion is given in the accompanying plates of one of the most perfect speci- 
mens of P. p o 1 i t u s that has yet been obtained. The original is preserved 
in the Museum of Comparative Zoology at Cambridge, Mass. 

Formation and locality. Cleveland shale (Upper Devonic) ; Ohio. 

Family pladodoxtidae 

An indefinable family, apparently closely related to the Pleuracanthidae. 

Genus cladoduh Agassiz 

This typically Carbonic genus occurs sparingly in the Neodevonic, 
but only two instances are known of its occurrence in the Mesodevonic, the 
species immediately to be described being found in the Columbus limestone 
of Ohio, and the next following from the Hamilton of Milwaukee, Wis. It 
is quite possible that some detached teeth of similar nature which range 
upward into the Carbonjc belong in reality to Pleuracanthid sharks, their 
origin being traceable to forms like Protodus and Doliodus in the Lower 
Devonic. There are strong reasons for believing that the teeth of Lower 
Carbonic Cladodonts belonged to spineless sharks, and until recently it was 
supposed that the Devonic Cladoselache was also unarmed. 

Cladodus prototypus sp. nov. 

Plate I, fiKtire 15 

Founded upon a single robust tooth, the crown consisting of a stout 
erect median cone and five lateral denticles on either side, not much com- 
pressed, and all delicately striated. The outer pair of lateral denticles is 
much the largest, and nearly circular in cross-section. The median cone is 
elliptical in transverse section, slightly recurved, without sharp lateral edges, 
and very wide across the base. Its total hight, when complete, is* estimated 
to have been about 3 cm. 

The general appearance of this tooth is suggestive of Cladodus 
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s t r i a t u s Agassiz, from the British Lower Carbonic limestone.' The 
present example differs from the latter species, however, in the lesser com- 
pression of the crown, fewer lateral cones, and peculiar arrangement of the 
coronal striae. As many as 35 fine parallel nonbifurcating striae are visible 
on the external face of the principal cone, those of the middle portion run- 
ning vertically, and those along the sides curving gradually outwards and 
terminating in a faint ridge along the lateral margin. The apexes of the 
median and nearly all of the lateral cones have unfortunately been broken 
away in the type specimen, and the root, also, is wanting. The width 
across the base line, in its present condition, is 3.6 cm. 

The unique specimen answering to the above description forms part 
of the collection purchased from the late Professor James Hall by the 
American Museum of Natural History in New York, and bears the museum 
catalogue number of 4257. It is labeled as having been derived from the 
" Corniferous " (Columbus) limestone in the vicinity of Columbus, O., and 
the characteristic appearance of the matrix leaves no doubt as to the 
authenticity of the record. Its geological antiquity is greater than that 
of any other known species. 

Formation and locality. Columbus limestone (Ulsterian) ; Columbus, O. 

Cladodus monroei Eastman 

Plate I, figure s 

1900 Cladodus monroei C. R. Eastman. Jour. Geol. 8: 36, text fig. 2 

The type of this species is a small, imperfectly preserved tooth found 
by Mr Charles E. Monroe in the Hamilton limestone of Milwaukee, Wis. 
The median cone is robust, very thick at the base, and indistinctly striated. 
The external denticles are also stout in proportion to the size of the pnn- 
cipal cone, but the three intermediate denticles of either side are excessively 
small. The total hight of the median cone probably amounted to less than 
1.5 cm, and the width across the base 2.5 cm. 

Formation and locality. Hamilton limestone (Erian); Milwaukee, Wis. 



' The teeth recently described under this name by E. B. Branson from the Salem lime- 
stone of Indiana are clearly distinct, and require a new specific name. 
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Cladodus coniger Hay 

1889 Cladodus carinatus /, S. Neu*berry, U. S. Geol. Sur. Monogr. 16: 103 
1899 Cladodus coniger O, P. Hay. Am. Nat. 33: 783 

In the meager description given of this species by Newberry, the teeth 
are stated to be ** less than half an inch in breadth and hight, the base 
narrow, and bearing one central and four lateral cones, the exterior pair 
larger than the intermediate ones, but all much lower than the central 
denticle." The distinctive feature of the species is said to consist in four 
relatively strong carinptions on the flattened posterior surface of the 
principal cone. 

Teeth evidently belonging to this species are by no means uncommon 
in the Chemung of Warren county, Pennsylvania^ but as a rule are imper- 
fectly preser\'ed. The general form is similar to that of C. concinnus 
Newberry, from the Cleveland shale of Ohio ; and, as in that species, the 
pair of intermediate denticles is sometimes absent. The external cones 
also diverge outwards at a considerable angle. The principal cone is 
strongly compressed, more or less recurved, with sharp lateral edges, and 
prominently striated on both faces. The number of carinae along the 
flattened, moderately convex anterior face is not limited to two pairs, how- 
ever, some specimens displaying twice that number. These are symmet- 
rically arranged on either side of the median line, the two innermost being 
nearly vertical and rather more prominent than the rest. 

Formation and locality. Chemung beds (Chautauquan) ; Warren, Pa. 

Cladodus sp. ind. 

A single specimen of Cladodus, associated with other undetermined 
fish remains, is reported by Dr John M. Clarke from the Chemung fauna 
(High Point sandstone) at High Point, a mountain situated about 3 miles 
northwest of the village of Naples, N. Y. [U. S. Geol. Sur. Bui. 16. 1885. 

P- 72] 

Order ACANTHOOII 

Two families of Acanthodian fishes are known, one characterized by 
the presence of a single, the other by two dorsal fins, and both having 
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representatives in the American Paleozoic. The Acanthodidae range from 
the Lower Devonic to the Lower Permian inclusive, the Diplacanthidae 
are confined to the Upper Siluric and Lower Devonic. The detached fin 
spines known as Machaeracanthus, Ciyracanthus, and similar forms are 
regarded with much probability as l>elonging to fishes of this order. 

Acanthodes ? pristis Clarke 

1885 Acanthodes ? pristis J. ^f. Clarke, I'. S. (icol. Siir. Bui. 16. p. 42 

1 89 1 Acanthodes ? pristis A. S. WoothvarJ. Cat. Foss. Fishes Hrit. Mus. pt 2, 

1902 Acanthoessiis ? pristis O. P. Hay. V . S. deol. Sur. Bui. 1 79, p. 273 

Founded upon a considerable portion of the shagreen of an undoubted 
Acanthodian fish, the family po.sition of which, owing to the nonpreserva- 
tion of fins, is uncertain. In the solitarj- specimen known, the greater 
number of scales have retained their natural, exceedingly compact arrange- 
ment, and are so minute as to indicate a species of very diminutive size. 
Their characters are given in the original description as follows. "The 
scales are very small, measuring .5 mm on the edge, square or slightly sul> 
rhomboidal in outline, and one fourth as thick as wide. The adjacent 
edges at about two thirds the distance from the upper surface are strongly 
grooved by a single deep furrow. The upper surface of the scales is 
smooth and slightly convex." 

The type specimen, which belongs to the United States National 
Museum, was obtained by I)r J. M. Clarke from the bituminous layers of 
the Portage beds (Rhinestreet shale) exposed in a Delaware and Lacka- 
wanna railroad cutting near the town of Sparta, N. Y. In Woodward's 
and Hay*s catalogues, cited in the above list of references, the species is 
erroneously reported as from the Genesee shales of New York in which 
Palaeoniscid scales of the same character are known to occur. 

Order SELACHII 

To this order, which includes the sharks and skates, numerous Paleo- 
zoic teeth and fin spines have been ascribed, but only on account of their 
close resemblance to the corresponding hard parts of recent forms. So far 
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as dependence can be placed upon analogy of this nature, forms allied to 
the modern Port Jackson shark (Cestracion or Heterodontus, text fig, 15) 
were present during the Devonic, and extremely abundant during the 
Lower Carbonic. Tamiobatis, known by a unique skull from the Devonic 
of Kentucky, is interesting in that, although probably a shark, its form 
was decidedly raylike. No true rays, however, appear earlier than the 
Mesozoic. 

Entire skeletons of undoubted Selachii are known first from the Lower 
Lias. As for the detached dermal spines and tubercles occurring in various 
Paleozoic horizons, we are without means for determining their precise 
relations, hence they are conveniently grouped together under the head 
of " Ichthyodorulites." These are treated in the present contribution 
immediately after the Holocephali. 




Subclass HOLOCEFHAI.I 

The following general remarks on the Holocephali and Chimaeroids, 
taken chiefly from Smith Woodward, may profitably find a place here ; 

Dental plates essentially similar to those of the existing Chimaeroid 
fishes are met with in rocks as early as the Middle Devonic ; but there is 
still no evidence of any member of the Holocephali which can not be 
included in the surviving order of Chimaeroidei. Some of the early forms 
were certainly armed with dermal plates ; but paleontology as yet lends no 
support tor the theory that the Chimaeridae are degenerate descendants 
of fishes once possessed of membrane bones. The earliest known complete 
skeletons are unfortunately only Liassic. 
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Order CHIMAEROIOEI 

In all known Chimaeroids, whether recent or extinct, the notochord is 
persistent and at most only partially constricted, the calcifications in the 
sheath, when present, consisting of slender rings more numerous than the 
neural and haemal arches. The pectoral fins are abbreviate, without seg- 
mented axis ; and the pelvic fins in the male are produced into a pair of 
claspers. In the extinct forms there is no trace of any dermal plate 
developed in the opercular flap. The only clear evidence of evolution 
hitherto observed concerns the development of the peculiar dental plates. 
In each of the four known families the dentition consists of a few large 
plates of vascular dentine of which certain areas (** tritors ") are specially 
hardened by the deposition of salts within and around groups of medullary 
canals, which arise at right angles to the functional surface. In most cases 
there is a single pair of such plates in the lower jaw, meeting at the sym- 
physis, while two pairs (the so-called vomerine and palatine plates) are 
arranged to oppose these above. A permanent pulp remains under each 
plate, and growth thus takes place continually within as the oral surface is 
triturated by wear. In the surviving family of Chimaeridae these dental 
plates are much thickened, while the hinder upper pair (" palatines ") are both 
closely apposed in the median line and considerably extended backwards. 

The dental plates named Ptyctodus, from the Devonic of Russia, the 
Eifel district and North America, are essentially similar to those of modern 
Chimaeroids, but there are no representatives of the vomerine pair. The 
tritors, one only in each plate, are well differentiated, consisting of hard, 
punctate, superimposed laminae, arranged obliquely to the functional sur- 
face. The contemporaneous teeth known as Rhynchodus and Palaeomylus, 
however, exhibit more indefinite tritoral areas, or none. The symphysial 
facet is always distinct. 

Spines which may be compared with those of Chimaeroids are also 
known from the Devonic and Carbonic systems, and Harpacanthus and 
Cyrtacanthus may perhaps be cited as examples of head spines. No 



DEVONIC FISHES OF THE NEW YORK FORMATIONS 6/ 

Chimaeroid skeletons, however, have hitherto been satisfactorily deter- 
mined from Paleozoic rocks, save for the possible exception of Menaspis. 
The problematical remains known as Dictyorhabdis priscus, from 
the Lower Siluric of Colorado, are very doubtfully of Chimaeroid nature. 
The most recent discussion of the relations between fossil and living 
Chimaeroids is that of Dr Bashford Dean, in the publications of the Car- 
negie Institute of Washington, 1906. Some changes in the classification 
are proposed by Mr C. Tate Regan in the Proceedings of the Zoological 
Society of London for the same year. 

Family f^tycxodonxidab 

A family at present indefinable, of doubtful ordinal position, known 
only by remains of the dentition and possible dermal ossifications. A 
single pair of large, laterally compressed dental plates present in each jaw, 
united at the symphysis, and either with trenchant oral margin, or develop- 
ing one or more tritoral areas posteriorly. Rhynchodus undoubtedly rep- 
resents the most primitive condition of dental plates, the tritors Ptyctodus 
and Palaeomylus arising subsequently, and indicating a more specialized 
stage. 

Genus rhynchodus Newberry 

Oral margin of dental plates simply trenchant, without tritoral areas. 
Upper and lower dental plates of similar form, except that in some species 
the symphysial margin is produced downwards into a spiniform process. 
Indications of cartilaginous union between each pair of dental plates are 
present on the inner symphysial facets. 

Rhynchodus secans Newberry 

1873 Rhynchodus secans J, S, Ntivberry. (). Geol. Siir. Rep't. v. i, pt 2, 

p. 310, pi. 28, fig. i; pi, 29, fig. I, 2 
1889 Rhynchodus secans J. S. Newberry. U. S. Geol. Sur. Monogr. 16:47, 

pi. 28, fig. 1-3 
1898 Rhynchodus secans C, R. Eastman. Am. Nat. 32 : 485, 546 

This species, which is the type of the genus, is not uncommon in the 
Columbus and Delaware limestones of Ohio and is interesting for having 
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furnished a group of four teeth preserved in natural association. There is 
but little difference in the form of upper and lower dental plates, and both 
terminate anteriorly in prominent beaks. It is probable that the latter 
character is a generic one, it having been observed in several other species 
as well, but never in Ptyctodus. An excavation is noticed just back of the 
beak in the upper dental plate where the terminal point of the lower came in 
contact with it, thus proving that the relations between the two pairs were 
the same as in Ptyctodus. The lower dental plate is deeper than the upper, 
and marks of wear are frequently observed along the inner side of the func- 
tional margin. 

Rhynchodus excavatus Newberry 

1877 Rhynchodus excavatus f . S. Newberry. Geol. Wis. 2: 397 

1878 Rhynchodus excavatus J. S. Newberry, N. Y. Acad. Sci. Ann. i : 192 
1878 Rhynchodus occidentalis J, S, Newberry. N. Y. Acad. Sci. Ann. 

i: 192 
1889 Rhynchodus excavatus J, S, Newberry, U. S. Geol. Sur. Monogr. 

16: 50, pi. 29, fig. I 
1898 Rhynchodus excavatus C, J^. Eastman. Am. Nat. 32 : 486 
1898 Rhynchodus occidentalis C. R. Eastman, Am. Nat. 32: 485 

A comparison of the type specimen of the so called R. occi- 
dentalis, which remains as yet unfigured, with an extensive series of 
dental plates belonging to the earlier described R. excavatus, leads to 
the conclusion that the two forms are identical. Indeed, it is certain that 
Newberry would himself have recognized their identity, had he been 
acquainted with more perfect specimens, such as are now accessible. Any 
one may satisfy himself on this point who will take the trouble to verify 
the original description of R. occidentalis, which reads as follows : 

Teeth of small size, much compressed. Anterior margin slightly 
curved, but nearly vertical. Superior margin gently arched downward 
from the prominent anterior point, forming a much compressed triturating 
surface or edge. Posterior portion of upper margin acute edged. Exterior 
lateral surface striated obliquely backward. Basal margin formed by the 
eilges of external and internal laminae, of which the edges are broken and 
irrcLnilar. From the Hamilton limestone, Waverly, la. 
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Little need be added by way of supplementing the above description. 
The total length of the dental plates rarely exceeds 5 cm, and there is close 
similarity between those of the upper and lower jaws, excepting that the 
symphysial margin of the lower is produced into a long and slender descend- 
ing spine, and the cutting edge of the upper is somewhat less arched or 
** excavated " than in the lower dental plates. As shown by marks of wear, 
the tips of the lower dental plates closed outside and slightly behind those 
of the upper, in the same manner as in Ptyctodus. Dental plates differing 
but little from those of the present species have been described from the 
Eifel Devonic, the complete dentition being known in the so called ** Ram- 
phodus " [— Rhynchodus major] of Jaekel' An extensive series of 
specimens, collected many years ago by Mr Orestes St John from the 
Cedar Valley limestone of Iowa, is now preserved in the Museum of Com- 
parative Zoology at Cambridge. 

Formation and locality. Hamilton limestone ; Milwaukee, Wis., and 
Cedar Valley limestone of Iowa. 

Rhynchodus pertenuis Eastman 

Plate 2, fif^MTe 5 

1904 Rhynchodus pertenuis C. /^. Eastman. Am. Nat. 38: 297, text fig. 2 

Dental plate narrow and elongate, with sharp and extended functional 
margin and knife blade cross-section ; anterior beak prominent, no sym- 
physial spiniform process, external surface smooth. 

The unique dental plate upon which this species is founded was 
obtained from the Chemung of Franklin, in Delaware county, New York, 
and is now preserved in the State Museum at Albany. The general out- 
line and proportions of this plate differ from those of all other species, and 
the absence of a spiniform symphysial process is a very unusual feature. 
But for the trenchant functional margin and narrow cross-section, the 
specimen might readily be mistaken for a lower dental plate of Ptyctodus, 
instead of Rhynchodus. That it is properly a mandibular element, and 

'Jaekel, O. Ueber Ramphodus, etr. Sitzungsher (ies. naturf. Freunde, Berlin, 1903. 
p. 383-93. Cf, also Am. Nat. 1904. 38: 296 ; Centralblatt fUr Mineral. 1900. p. 177. 
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referable to the latter genus, seems to admit of no question. The hollow 
along the base indicates the extent to which the plate was inserted in the 
supporting cartilage of the jaw. The total length is 9 cm. 
Formation and locality. Chemung beds ; Franklin, N. Y. 

Rhynchodus sp. ind. 
Dental plates of an undetermined species of Rhynchodus are reported 
by I)r J. M. Clarke' as occurring in the High Point (Chemung) fauna near 
Naples. N. Y. 

Genus ptyctodus Pander 

Oral surface triturating, the single tritoral area of each dental plate 
well differentiated, and consisting of hard, punctate, superimposed laminae 
arranged more or less oblicjuely to the functional surface. Lower dental 
plates with symphysial beak, which, as shown by marks of wear, closed 
against the outer margin of the upper dental plates. 

Ptyctodus punctatus sp. no v. 

This specirs is readily ilistinguished from all others previously described 
by the romparalive coarstMiess and peculiar arrangement of the medullary 
canals passing through the tritoral area. The sides and functional surface 
of the JaltcM' are completely covered by a network of small polygonal pit- 
linns, formed by the* termini of the medullar)- canals. As these are not 
nroupeil in parallc*! lines, there is no surface indication of laminar structure. 

^t-'nv'm. I'he simpler arrangement of the medullary canals 

^ ^lifc^^^^^^^^^^^^ ' y i»^ ihi^ species, taken in connection with its greater 

aiUiquity as compared with other known species, 
iM M* riv.i.Mi... MMM.„iu. s^jonosts that it is a primitive character. 

Pormatlon and locality. The single detached tritor upon which the 
ahiivi^ i|esrriplit>n is foundeil was obtained from the Onondaga limestone 
(HUlerian) of l.eroy, N .Y . The type specimen is preserved in the 
Muhiunn t>f C t>n\paraii\e /oology at Cambridge, Mass, and another 
lUiUUple, (ri>m the lorrespomling rocks of Ohio, is in the collections of the 
AnUMitan Museun^ of Naimal History, 

MK S, lioi^l. Sur \U\\ in, iSSs. y -; .\ 
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Ptyctodus calceolus Newberry & Worthen 

1866 Rinodus calceolus Neavherry ^ Worthen. Pal. III. 2: 106, pi. 10, fig, 10 
1870 Ptyctodus calceolus Neivberry &* Worthen. Geol. Sur. 111. Rep't, 4: 374 
1875 Ptyctodus calceolus J. S. Newberry. O. Geol. Sur. Rep't. v. 2, pt 2, 

P- 59. Pl- 59, fig. 13 
1898 Ptyctodus calceolus C.R.Eastman. la. Geol. Sur. Rep't. 7: 115, text 

fig. \oa 

1898 Ptyctodus calceolus C. R. Eastman. Am. Nat. 32 : 476, fig. i-i 7 

1899 Ptyctodus calceolus S. Welter. Jour. Geol. 7 : 484 

Dental plates compressed into a thin cutting edge shortly behind the 
symphysis, but widening gradually, becoming more or less outwardly 
curved, and the oral surface occupied for nearly its entire width by the 
tritoral area, the inner margin of which is more strongly curved than the 
other. Laminar structure of the tritors indicated superficially by fine 
punctae arranged in parallel rows running obliquely across the functional 
surface. The compressed edge in advance of the tritor in the lower dental 
plate slopes rapidly upward and terminates in a strong anterior beak. 
Upper dental plates similar to the lower, except that the symphysial border 
is rounded and not produced into a beak. 

In spite of the extraordinary abundance of this species in various Mid- 
dle and Upper Devonic localities, as indicated by detached tritors, complete 
dental plates are very rare, their structure being on the whole very fragile. 
Of widespread distribution in the Hamilton, the species is most prolific in 
the Upper Devonic State Quarry beds near Iowa City, a single exposure 
only a few yards square having yielded thousands of abraded tritors. No 
specimens have been hitherto reported from New York State, nor has the 
genus itself been known to occur in rocks of earlier age than the Hamilton 
in this country. Recently, however, the writer has had the opportunity of 
examining a nearly perfect lower dental plate, evidently of this species, 
which was collected by Mr Edgar E. Teller from the Genesee shale at 
Eighteen Mile creek, near Buffalo. The precise level at which this dental 
plate was found is from near the base of the Conodont bed, the exposure 
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being referred to as ** section H " and photographed in plate 4 of Grabau's 
Geology and Palaeontology of Eighteen-Mile Creek,^ The specimen in ques- 
tion is excellently preserved, measures 3 cm. in length, and lacks only the 
extreme tip of the symphysial beak. A single large dental plate, appar- 
ently referable to this species, has also been obtained by Dr John M. 
Clarke from the Goniatite or Parrish limestone (Portage) near Naples, 
JSf. Y. 

Formation and locality. Middle Devonic of Iowa, Illinois, Missouri, 
Wisconsin and Manitoba. Upper Devonic of Iowa and Elmhurst, 111. 
Genesee shale of Eighteen Mile creek, and Portage of Naples, N. Y. 

Ptyctodus compressus Eastman 

1898 Ptyctodus compressus C, R. Eastman. Am. Nat. 32: 479, fig. 18-27 

The tritors in this species are relatively longer and narrower than in 
the preceding, and the oral margin in advance of the triturating surface is 
developed into a long, sharp cutting edge. In all other species this trench- 
ant margin is shorter than the tritoral area, but in the present form it is 
invariably longer, sometimes exceeding the length of the tritor by one 
fourth. The dental plates are as a rule less curved than those of P. 
c a 1 c e o 1 u s, and the symphysial beak less produced. 

Formation and locality. State Quarry beds (Upper Devonic) ; North 
Liberty, Johnson county, la. 

Ptyctodus ferox Eastman 

1898 Ptyctodus ferox C. R. Eastman. Am. Nat. 32: 480, fig. 35-40 

1899 Ptyctodus ferox C. R. Eastman. Jour. Geol. 7 : 282 

Dental plates unusually large and massive, attaining a total length of 
about 14 cm, and exhibiting but slight lateral curvature. Lower dental 
plate with a stout symphysial beak, the front margin projecting downward 
into a long spiniform process, evidently for strengthening the symphysial 
union. Anterior margin of upper dental plate uniformly rounded, not pro- 
duced into a beak or spiniform process, and showing on the outer face 

* Buffalo Soc. Nat. h?ci. Bui. 1898. 6: 5. 
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marks of contact with the opposing dentition. Inner surface of both upper 
and lower dental plates with a roughened triangular symphysial facet. 

The fact that the smaller and younger plates belonging to this species 
have a decidedly Rhynchoduslike aspect indicates that the functional mar- 
gin in immature teeth was simply trenchant, the tritors not being developed 
until a comparatively late period. Rhynchodus, therefore, represents a 
more primitive stage than either Ptyctodus or Palaeomylus in the develop- 
ment of dental plates, its relations to contemporary types being closely par- 
alleled by Rhinochimaera amongst recent genera.' There is considerable 
reason for believing that Ptyctodonts were provided with dermal ossifica- 
tions, and in particular it is difficult to avoid the suspicion that the fin 
spines known as Heteracanthus or ** Gamphacanthus " were borne by mem- 
bers of this family, possibly by the very species under discussion. The 
dental plates of P. ferox are accompanied not only by dermal spines, but 
by tuberculated dermal plates not unlike those associated with Myriacan- 
thus. One of these is illustrated in plate i, figure 6, of the present 
memoir. As yet, however, no specimens have been found which demon- 
strate the supposed specific identity of these various bodies. 

Formation and locality. Hamilton limestone (Erian) ; Milwaukee, Wis. 
Cedar Valley limestone (Mesodevonic) of Iowa and Illinois. State Quarry 
beds (Neodevonic) ; Johnson county, Iowa. 

ICHTHYODORULITES 

Genus onchus Agassiz 
Spines of small size, laterally compressed ; sides of exserted portion 
ornamented with smooth or faintly crenulated longitudinal ridges ; no 
posterior denticles. Represented in this country by two Upper Siluric (O. 
clintoni and O. pennsylvanicus) and one Devonic species. An 
undescribed form is also known from the Niagaran of Cumberland, Md. 



' Garman, S. Chimaeroids, especially Rhinochimaera and its Allies. Museum Comp. 
ZoqL Bui. 1904, 41: 246. Dean, B. Chimaeroid Fishes and their Development. Carnegie 
Inst. Wash. 1906, Pub. 32, p. 126. 
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Ouchus rectus Eastman 

Text fifiure i6 

1S99 Onchus rectus C. R, Eastman. N. Y. State GeoL 1 7th An. Rep't, p. 323, 
fig. 4 

Spines attaining a total length of about 5 cm, nearly rectilinear, 
and gradually tapering to an acute point Inserted portion round in 
cross-section, ver)' delicately striated ; exserted portion laterally com- 
pressed, without trace of posterior denticles, the sides traversed by 
about 10 fine longitudinal ridges. The latter are nonbifurcating, 
regularly spaced, and of uniform size with the exception of the one 
along the anterior margin ; this is twice the width of the others, and 
is of triangular cross-section. 

Formation and locality. Chemung group ; Ontario and Western 
Railroad tunnel between Merrickville and North Walton, Delaware 
CO., N. Y. 

Genus homacavthus .Agassiz 
This genus, which is evidently closely allied to Ctenacanthus, 
is thus defined by Smith Woodward : ' Dorsal fin spines of small 
size, slender, more or less arched, laterally compressed, and gradu- 
ally tapering distally ; sides of exserted portion ornamented with 
few, large, smooth, widely spaced longitudinal ridges ; a similar 
ridge also forming a large anterior keel ; posterior face with a 
double series of large, downwardly cur\-ed denticles." American 

Fig. 16 

?e"/tVi' species that have been referred to Homacanthus have, with but 
Do'rlTifin ^^^'^ exceptions, since been removed to other genera, but at least 
NarsUe ^"^ Dcvouic representative of this genus seems to be indicated by 
the spines described in the following paragraph. 
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Homacanthus acinaciformis Eastman 

Plate X, figure 16 

1903 Homacanthus acinaciformis C, R, Eastman, Miis. Comp. Zool. Bui. 
39:218, pi. 5, fig. 58 

Spines comparatively small, slender, gradually tapering, gently and 
uniformly arched ; lateral surface with five or six continuous longitudinal 
ridges ; posterior denticles slender, rather widely spaced. 

The small spines known under this designation are more strongly 
curved than those found in the Lower Carbonic limestone, but according 
to J. W. Davis, there is considerable variation in this respect, even amongst 
spines belonging to a single species. Some resemblance is to be noticed 
between the present form and the Upper Devonic spines from Ohio 
described as Hoplonchus parvulus by Newberry. 

Formation and locality. Chemung group ; Warren, Pa. 

Genus ctenacanthus Agassiz 

Dorsal fin spines robust, often attaining a large size, laterally com- 
pressed ; sides of exserted portion ornamented with longitudinal ridges, 
usually crenulated or denticulated, rarely smooth ; posterior face flat or 
concave, with a series of small denticles upon each margin. 

It is certain that spines of this character were possessed by sharks of 
more than one genus. Reference has already been made to the occurrence 
of these defenses in Cladoselache, and Newberry was strongly inclined to 
suspect, from a discovery in the Waverly of Ohio,' that Ctenacanthus and 
Orodus may be synonymous. Of primary importance in the distinction of 
species is the general conformation of the spines, especially their curvature, 
form of cross-section, and length of inserted portion. Next in order are to 
be considered the number, shape and direction of the longitudinal costae, 
with the special ornamentation of the same ; and still further distinctive 
characters are to be found in the nature of the posterior face and anterior 
margin, or ** cutwater." A class of spines agreeing in their abbreviate, 

'O, Geol. Sur. Rep't 1874. v. 2, pt 2, j). 54. 
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Stumpy proportions, and inserted very obliquely in the integument, is prob- 
ably to be correlated with the posterior dorsal fin. They contrast strongly 
with the group of slender, elongated and tapering spines which were 
undoubtedly situated in advance of the first dorsal fin/ 

Ctenacanthus wrig^hti Newberry 

1884 Ctenacanthus wrighti J. S, Neutberry, N. Y. State Mus. 35th Rep't. 

p. 206, pi. 16, fig. 12-14 
1889 Ctenacanthus wrighti J, S. Neufberry, U. S. Geol. Sur. Monogr. 16: 66, 

pi. 26, fig. 4 

An examination of the peculiarly shaped and unusually large fin spine 
upon which this species is founded, now preserved in the American Museum 
of Natural History in New York, has served to confirm the correctness at 
all points of Newberry's description, which is as follows : 

Spine of large size, long triangular in outline ; anterior margin straight, 
laterally compressed ; medullary cavity large, open posteriorly to the middle 
of the spine ; posterior face traversed above by a strong rounded ridge ; 
[posterior] denticles small ; surface of exposed portion entirely covered with 
pectinated ridges of nearly uniform width on the front and sides, becoming 
narrower and less distinctly pectinated near the posterior margin. 

The spines of this species are very striking in their characters as regards 
both form and markings. The anterior margin seems to have been abso- 
lutely straight from base to summit. Along the line of junction between 
the enameled and buried portions the spine must have been 2 inches wi3e, 
but it tapered rapidly upward, terminating in a slender, acute point. The 
exposed surface is more completely covered with ridges similar in character, 
and the pectination is more crowded than in any other species known to me. 
In its broad base and its general and uniform ornamentation this spine has 
some resemblance to C. s p e c i o s u s St J. & W., specimens of which have 
been in my hands, but the line of demarcation between the ornamented and 
buried portions is less oblique, showing that the spine was more erect [and 
hence referable to the anterior dorsal fin] ; the ridges are considerably 
coarser and the form is straighten The pectination is also less oblique and 
closer, compared with the coarseness of the ridges. 

Formation and locality. Hamilton limestone ( Erian), ** near the middle 

of the Moscow shale ; Cashong creek, Yates county, N. Y. 



.7 .» 



* Science, n, s. 1901. 14:795. 
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Ctenacanthus randalli Newberry 

1889 Ctenacan th us randalli y. S, Newberry, U. S. Geol. Sur. Monogr. 
16: 105 

This species, which has never been illustrated, is founded upon the 

proximal portion of an extremely large spine, estimated to have been at 

least 30 cm in length. The original description is as follows : 

Dorsal fin spines 12 inches or more in length by 1 ^^ inches in width at 
base of ornamented portion ; form slightly curved backward, sides com- 
pressed, basal portion conical, smooth, or finely striated longitudinally ; line 
of demarcation between ornamented surface and base strongly marked, 
inclined downward and forward at an angle of 30° with the axis of the spine ; 
ornamented surface near base formed by about 40 fine, parallel, subequal, 
closely crowded ridges on each side of the median line, and these bear small, 
rounded, closely approximated tubercles. 

Formation and locality. Olean conglomerate (Chemung group) ; near 

Warren, Pa. 

Ctenacanthus chemung^ensis Clay pole 

Plate 7, figure 3 

1885 Ctenacanthus chemungensis E. W, Claypole, Am. Ass*n Adv. Sci. 
33d meeting, Phila. Proc. 1884. p. 490 (name only) 

This name was applied by Professor Claypole without definition or 
illustration to small fin spines obtained by him from the Chemung of Brad- 
ford county, Pennsylvania, whose length was stated to be ** less than half 
that of C t. vetustus." 

To this species may probably be referred a number of small, gently 
arcuate, finely ornamented spines which were collected by the late Professor 
Charles E. Beecher and others from the Chemung of Warren county, Penn- 
sylvania, examples of which are preserved in the New Haven and Cam- 
bridge Museums. Spines of similar nature have also been obtained from 
two or three localities in New York. One in the State Museum at Albany 
bearing the locality label 1 783 is from the Chemung between Friendship 
and Nile, N. Y., and displays the delicate ornamentation very clearly. 
Another, belonging to the Museum of Comparative Zoology at Cambridge, 
is from the same horizon along the bank of Fall creek, near Ithaca, N. Y., 
and was collected many years ago by Dr Richard Rathbun. 
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None of these spines appear to have exceeded lo cm in length, and 
they are frequently much shorter, their form being narrow and gradually 
tapering. The flattened sides are covered with numerous threadlike 
costae, as many as twenty being observed toward the base, and these are 
for the most part continuous; when new longitudinal, ridges are formed, 
th(!y arise by implantation. The costae are finely pectinated at intervals 
varying from twice to three times their own width, thus giving rise to a 
finely punctate appearance when seen in impression, as is usually the case. 
Formation and locality. Chemung group ; New York and Pennsylvania. 

Genus ACAxrHoi.KFis Xewbcny 

Spines of large size, verj* much laterally compressed, thin walled, 
inlrrnally hollow, in form gently arcuate, wide at the base, and gradually 
taprring to an acute point. Sides of exserted portion nearly flat, orna- 
m<Mil<ul with numerous fine stellate tubercles; these are either irregularly 
urrunjfrd. or in some cases exhibit a tendency toward concentric arrange- 
U\r\\\ along lines of growth. Tubercles along either side of the posterior 
inaryin enlarged so as to form a double row of denticles directed at right 
anyh^tt to thr margin. Appearances of at least one specimen suggest that 
ihn bawal jjorlion is segmented. 

'l\\v HpinrH which are provisionally included under this title' were first 
(Minlu^rd with Oraoanthus by Newberr\\ but subsequently interpreted by 
\\{\\\ a^ diM'nud plates or scutes of ** Placoderms," and supposed to be of 
ulinllar nalurt^ to those which have received the name of Acanthaspis. Still 
lalMr, \\\vW \VHV\\\Uh\\\cv to the triangular ichthyodorulites of Psammosteus 
wa>< liMlhltMl out by Smith Woodwanl. The conclusion reached by the 
pli^mMU WllltM' 1^ \\\M they an^ dermal defenses of Chimaeroids, probably 
^lomal 111* hpllM^H, Their extnMUely thin walK as seen under low magnify- 
(|\U IMiNVrr In worn Hptvimens, exhibit the structure of vasodentine, and are 
UrtV^MM^I bv roar»*t\ branching longitudinal canals. In external characters 

^Vm\ \\\\^ ili»^l)4a<Uioi\» prrortupio\l amongst insei^is^ S. A. Miller has proposed the 
UV^I rtl^^^ivO^^t hU't»^la)4 "lotifivjuot of ** Kcicmatolcpis^** an example of 'index-learning that 
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they bear considerable resemblance to the spines described as Phlyctaena- 
canthus and Apateacanthus. Considering the uncertain status of these 
and similar ** genera" founded upon isolated fragments, it hardly appears 
advisable to change their provisional designations in those cases where 
they happen to be preoccupied. 

Acantholepis fragilis Newberry 

Plate 3, figure 1 

1857 Oracanthus fragilis, O. granulatus, and O. abbreviatus J, S. 

Newberry, Nat. Inst. Proc. n. s. i: 126 
1875 Acantholepis pustulosus J, S, Newberry, O. Geol. Sur. Rep't, v. 2, 

pt 2, p. 38, pi. 56, fig. 1-6 
1889 Acantholepis pustulosus J, S, Newberry, U. S. Geol. Sur. Monogr. 

16:34, pi. 31, H' 5 
1889 Eczematolepis pustulosus S, A, Miller, North Am. Geol. & Pal. 

p. 586, text fig. 1098 

1891 Acantholepis pustulosus A, S, Woodivanl, Cat. Foss. Fishes Brit. 

Mus. pt 2, p. 129 

Detached spines sometimes attaining a length of 25 cm and exhibiting 
the characters of the genus. Inserted portion not observed, but some 
specimens show indications of having been expanded laterally at the base, 
as well as produced in an anteroposterior direction. Evidence is lacking 
that the spines occurred in pairs, or were serially arranged. 

According to Professor Newberry, the exserted portion of the spine is 
peculiar in being composed of two pieces which are united by an oblique 
suture, certainly a most unusual condition amongst ichthyodorulites. Only 
one of Newberry's originals, however, is known to have shown this feature, 
and as none have been observed elsewhere, it is perhaps open to doubt 
whether the exceptional spine was entirely normal in this respect. The 
confirmation of other specimens would certainly be desirable before admit- 
ting the segmented character of the base. 

Fragmentary spines apparently referable to this species have been col- 
lected by Mr F. K. Mixer and Dr H. U. Williams from the Onondaga 
limestone near Buffalo, and numerous examples have been obtained from 
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Strata of the same horizon at Leroy, N. Y. One fairly well preserved 
spine belonging to the New York State Museum is labeled as having been 
derived from a ** ravine 2^ miles south of Truxton Corners, East branch," 
the horizon being probably the same as the foregoing. Its characters 
are somewhat indistinctly shown in plate 3, figure i. Typically the species 
occurs in the Columbus and Delaware limestones of Ohio, but is appar- 
ently also represented in the Hamilton of Milwaukee, Wis. 

Horizon. Ulsterian ; New York and Ohio. Erian ; Wisconsin. 

Genus phlyctaenacanthus Eastman 

Arcuate spines of large size, with flat lateral surfaces, very broad at 
the base, and gradually tapering to an acute point. Ornamentation and 
other characters as in Acantholepis, except that the exserted portion is cer- 
tainly unsegmented. Inserted portion triangularly expanded, thin walled 
and hollow, recalling the conditions in the corresponding portion of 

Stethacanthus. 

Phlyctaenacanthus telleri Eastman 

1898 Phlyctaenacanthus telleri C. R. Eastman. Am. Nat. 32: 55 1, text 

fig. 49 

1899 Phlyctaenacanthus telleri C. R. Eastman, Jour. Geol. 7 : 283 

The spines assigned to this species are scarcely distinguishable from 
those of Acantholepis, their form, structure and ornamentation being prac- 
tically identical. The exserted portion, however, has been definitely ascer- 
tained to consist of but a single piece, and the inserted portion (unknown 
in Acantholepis) appears to have been embedded in the soft parts in 
similar fashion as in Stethacanthus. Admitting these remains to be fin 
spines, it would certainly seem that a like interpretation should be applied 
to Acantholepis. 

Genus apateacanthus Woodward 

Fin spines elongated, slender, gradually tapering, extremely com- 
pressed laterally ; sides ornamented with irregular series of fine tubercula- 
tions ; posterior border with one (or two ?) close series of acute, hook- 
shaped, downwardly pointed denticles. The genus is apparently closely 
related to the preceding. 
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Apateacanthus vetustus (Clarke) 

Plate 3, figure 5 

1885 Pristacanthus vetustus J. M, Clarke, U. S. Geol. Sur. Bui. 16, p. 42, 

pi. I, fig. 7 
1889 Pristacanthus vetustus y. S. Ntivberry. U. S. Geol. Sur. Monogr. 

16: 61 
1 89 1 Apateacanthus vetustus A, S. Woodward. Cat. Foss. Fishes Brit. Mus. 

pt 2, p. 119 

Known only by the type specimen, which is extremely imperfect, but 
presents characters suggestive of Chimaeroid affinities. Spine composed of 
an extremely thin layer of vasodentine, probably hollow internally, lateral 
surface nearly flat, of uncertain width, without costae, and covered with 
sparsely scattered stellate tubercles of extremely minute, almost microscopic 
size. Posterior border set with closely spaced hook-shaped denticles of 
relatively large size, their apexes directed downwards. 

It is unfortunate that the .specimen which affords the only information 
we possess of this genus and species should have been considerably injured 
in fossilization, both extremities being broken away, and also a part of the 
sides, including the whole of the anterior margin. The width, therefore, of 
the lateral surface, as well as the total length of the spine, is indeterminate. 
However, the preserved portion indicates a spine of large size, gradually 
tapering, and perhaps slightly arcuate in form. In two respects the spine 
may be said to be quite remarkable ; first, for the large size and close 
approximation of the posterior denticles, 14 of which remain intact; and 
secondly, for the rudimentary nature of the ornamentation. The tubercles, 
still faintly stellate, are almost imperceptible to the unaided vision, and are 
without regular arrangement. The flat sides, tuberculated ornament, and 
absence of longitudinal costae are characters which suggest affinity with the 
two preceding genera, hence the form may be looked upon as a late sur- 
vival of Mesodevonic Chimaeroids. The type specimen is preserved in the 
United States National Museum. 

Formation and locality. Upper portion of the Cashaqua shale (Port- 
age); near Milo, Yates county, N. Y. 
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Genus hetkracanthus Newberry 
G am ph acanthus Miller 

Spines of moderate size, broad and laterally compressed at the base, 
but soon becoming subtriangular in section, nearly rectilinear, and gradually 
tapering toward the acute apex. Internal cavity relatively large, extending 
nearly to the apex, and open on the posterior margin for a considerable 
distance. No anterior keel ; posterior denticles not observed. Exserted 
portion ornamented with finely crenulated longitudinal ridges which become 
smooth and fiat with wear, and are separated by fine, denticulate, intercostal 
grooves. 

Heteracanthus politus Newberry 

1889 H e t e r a c a n t li u s politus J. S. Neiuberry. U. S. Geol. Sur. Monogr. 

16:66, pi. 21, fig. 4, 5 
1892 G a m p h a c a n t h u s politus S. A. Miller, North Am. Geol. & Pal. p. 715 

1898 Heteracanthus politus C. R. Eastman, Am. Nat. 32: 552 

1899 Heteracanthus politus C, R, Eastman, Jour. Geol. 7 : 282 

Spines attaining a total length of about 20 cm, very broad at the base, 
and with Ctenacanthuslike ornamentation. The longitudinal ridges, which 
are rather numerous and closely apposed, become perfectly smooth when 
worn, their presence being indicated only by the fine and deep intercostal 
grooves — the so called ** sinuous or denticulate longitudinal sutures" of 
Newberr)'. More or less variation in size and number of the costae is to 
be observed amongst different examples. The basal portion seems to be 
regularly expanded, without forming an asymmetrical ** shoulder" as in 
Physonemus, Stethacanthus etc. 

Bilaterally symmetrical as these spines undoubtedly are, their position 
must have been in the median line of the body, and not, as suggested by 
Newberr}" and others, along the anterior margin of the pectoral fins. That 
they belonged to Chimaeroids seems very probable, and they are an invari- 
able accompaniment of the large dental plates described as Ptyctodus 
ferox in the western Devonic. A characteristic Mesodevonic species, 
it is interesting to note its presence in the fauna of the Portage shale, as 
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indicated by one rather large spine preserved in the State Museum at 
Albany, from western New York. 

Formation and locality. Hamilton limestone (Erian) ; Milwaukee, Wis. 
Cedar Valley limestone and State Quarry beds ; Iowa. Portage shale 
(Senecan) ; New York. 

Heteracanthus uddeni Lindahl 

1897 Heteracanthus uddeni J. S, Lindahl, Cinn. Soc. Nat. Hist. Jour. 
19: 95, pi. 6 

1898 Heteracanthus uddeni C, R. Eastman. Am. Nat. 32 : 557 

1899 Heteracanthus uddeni C, R. Eastman. Jour. (ieol. 7 : 282 

Spines of moderate size having the distal portion essentially as in the 
preceding species, but the basal portion curving forward so as to form a 
rounded anterior projection or ** shoulder," somewhat similar to that in 
Stethacanthus. The longitudinal costae are finer and more closely crowded 
than in the type species, and exhibit a sigmoldal curvature toward the base. 

Formation and locality. Cedar Valley limestone (Mesodevonic) ; Buf- 
falo, Waterloo and Waverly, la. Hamilton limestone (Erian) ; Milwaukee, 
Wis. 

Genus machaeracanthus Newberry 
Syn. Machaerius Roualt ; Dinacanthodes Fritsch 

Spines, so far as known, elongated, tapering, more or less curved, and 

somewhat laterally compressed, with sharp edges and a very large longi- 

^tudinal ridge on each side ; central cavity extending nearly to the apex ; 

external surface covered with a thin layer of ganodentine, smooth, finely 

punctate, or longitudinally striated. 

The resemblance between the spines referred to this genus and those 
occurring in advance of the pectoral fins in Acanthodes, together with the 
fact that the proximal portion indicates a corresponding position, has been 
interpreted as pointing to Acanthodian affinities. 



84 NEW YORK STATE MUSEUM 



Machaeracanthus peracutus Newberry 

1857 Machaeracanthus peracutus J. S. Nnvberry, Nat. Inst. Bui. p. 1 25 
1862 Machaeracanthus peracutus J, S. Nnvberry, Am. Jour. Sci. [2] 

34: 74, text fig. 2 
1873 Machaeracanthus peracutus J, S. Newberry, O. Geol. Sur. Rep't 

V. I, pt 2, p. 305, pi. 29, fig. 6 
1889 Machaeracanthus peracutus J. S, Newberry, U. S. Geol. Sur. Monogr. 

16: 40, pi. 29, fig. 6 and woodcut 

Spines of moderate or large size, slightly curved, gradually tapering, 
and traversed along the middle by a prominent ridge, which is distinctly 
triangular in cross-section on one side of the spine throughout its entire 
length, and more or less rounded on the other. Lateral edges sharp, apex 
acute, external surface smooth or with extremely delicate striae which are 
convergent inward at a slight angle with the external margins. 

Formation and locality. This species, which is the type of the genus, 
has been previously supposed to be confined to the ** Corniferous " (Colum- 
bus and Delaware) limestone of Ohio. A few examples, however, have 
been obtained within recent years from the Onondaga limestone of Leroy 
and Lime Rock, in New York State. 

Machaeracanthus sulcatus Newberry 

Plate 3, fif^tire 6 

1843 "Ichthyodorulite" J, Hall. Nat. Hist. N. Y. pt 4, p. 174, woodcut 

fig. 69 
1857 Machaeracanthus sulcatus J. S. Newberry. Nat. Inst. Bui. p. 6 
1870 Machairacanthus sulcatus E, R. Lankester. Geol. Mag. 7 : 398, wood- 
cut fig. 3 
1873 Machaeracanthus sulcatus J. S. Ne^vberry. O. Geol. Sur. Rep't, v. i, 

pt 2. p. 305 
1886 Machaeracanthus sulcatus T. H. Lennox. Can. Inst. Proc. 3: 1 20 

1889 Machaeracanthus sulcatus J. S. Newberry. U. S. Geol. Sur. Monogr. 

16:40, pi. 29, fig. 5 

Spines of about the same size as the type, and differinij from it princi- 
pally in that the less strongly carinated face bears several prominent longi- 
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tudinal sulci, separated by narrow ridges, which terminate before reaching 
the distal three fourths of the spine. 

Regarding the distribution of this species, Newberry offers the follow- 
ing remarks : 

It would seem that the sharks that carried these spines were more 
numerous in those portions of the Corniferous sea which covered western 
New York and southern Canada than in the more open waters of the area 
now occupied by Ohio. In the exposures of the Corniferous limestone on 
Kelly's island, Lake Erie, at Sandusky, Delaware and Columbus, O., frag- 
ments or complete spines of Machaeracanthus major and M. p era- 
cut us are not at all uncommon, but though collecting extensively myself 
in those localities I never obtained there a specimen of M. s u 1 c a t u s. 

Formation and locality. Onondaga limestone (Ulsterian) ; various 

places in New York State and Canada, and in the corresponding horizon 

at Milford, O. 

Machaeracanthus longaevus sp. nov. 

Plate a, figure 8 

Spines attaining considerably larger dimensions than the type and 
differing principally in their greater width and conformation of the median 
carina. The Ujtter is sharply triangular on one side in the distal portion 
only of the spine, gradually becoming widened and flattened until in the 
proximal portion it is nearly rectangular in cross-section. No longitudinal 
sulci. 

This species, the only one known to persist as late as the Hamilton, is 
founded upon an interesting specimen belonging to the Buffalo Society of 
Natural Sciences, and derived from the so called ** Trilobite bed " on the 
shore of Lake Erie near Eighteen Mile creek. New York. It was kindly 
placed in the hands of the writer for description by its discoverer, Mr F. K. 
Mixer, of Buffalo. Portions of two spines are preserved in counterpart on 
the same slab, embedded in which are pygidia of Phacops ran a, and 
tests of Spirifer mucronatus and Ambocoelia umbonata, 
characteristic fossils of the Hamilton beds. 

The present example is interesting in that it is one of the few in which 
spines of both pectoral fins are preserved in natural association. That this 
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is the case, instead of there being merely a single, large broken spine, is 
evident from the similar proportions and general appearance of the two 
spines, one of which clearly represents the proximal and middle portions, 
and the other a section extending from about the middle for a considerable 
distance beyond in the direction of the c.pex. The form of the cross-section 
leaves no doubt that both spines present the same aspect, presumably the 
outer or external face. On the opposite, or internal face, the median 
carina appears to be gently rounded throughout its entire length. One of 
the distinguishing characteristics of this species, however, is that the axial 
ridge on the side which is presumed to be external remains sharply triangu- 
lar only in the distal half of the spine, becoming widened into a broad flat 
elevation, smooth or but faintly striated, and nearly rectangular in cross- 
section, toward the base of the spine. The general surface is smooth, save 
for the usual delicate striae, slightly convergent toward the apex, and pos- 
sibly of the same nature as growth lines. The absence of deep longitudinal 
grooves distinguishes this species from M. s u 1 c a t u s and M. b o h e m i- 
c u s, the latter having been originally referred to Ctenacanthus. A 
few doubtful fragments, suggestive either of this species or the preceding, 
have been obtained from the Hamilton of Milwaukee, Wis. 

Formation and locality. Hamilton limestone (Erian) ; Eighteen Mile 
creek, N. Y. (and Wisconsin ?). 

Genus gyracanthus Agassiz 

The paired fin spines of this genus," which are not known to be associ- 
ated with other types of dermal defenses in the rocks of this country, are 
thus described by Smith Woodward : 

Spines of two distinct types, the one evidently connected with the fins, 
the other free. Fi7i spines elongated, robust, more or less arched, irregu- 
larly rounded or oval in transverse section, except towards the unworn 
apex, which is compressed ; base of insertion large, with the internal cavity 

"Woodward, A. S. On a Carboniferous Fish Fauna from the Mansfield District, Vic- 
toria. Nat. Mus. Melbourne. Mem 1,1906. p. 1-32. In this paper the relations of the 
" Gyracanthidae " are definitely proved to be with Acanthodian sharks, upon the evidence 
of a complete skeleton of the remarkable Australian genus Gyracanthides [text fig. 17]. 
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open for a considerable extent posteriorly. The lonjjitiidinal mesial line 
of the anterior face, except near the unworn apex, defined only by the 
superficial ornament, which consists of par- 
allel, oblique, transverse, ridjfes, diverging in 
pairs from this line and inclined towards the 
inserted extremity ; posterior face with a nar- 
row unornamented area, sometimes bounded 
by a series of denticles on one ^ide ; unworn 
apex also destitute of ornament. 

Gyracanthus sberwoodi Newberry 

PUlc J. fiKU.c 7 

1889 G y r a c a n t li u s s li e r w (. o d i /. .?. ^rai■- 
herry. U. S. Geol. Siir, Monogr lO: 119, pi. 18, fig. 4 

Fin Spines attaining a length of about 
15 cm, laterally much compressed, gently | 
arched and gradually tapering toward the 
apex ; internal cavity open as a narrow groove 
for a considerable distance posteriorly ; sides 
ornamented with numerous fine, parallel 
curved ridges, either irregularly pectinated or 
faintly nodose. 

The only examples hitherto known of 
this species are those described by Newberry 
from a single boulder thought by him to have 
been derived from the Catskill of Tioga 
county, Pennsylvania. A few fragmentary 
spines displaying the same ornamentation and 
agreeing in form with Newberry's originals 
have been obtained from the Chemung group 
near Warren, in the same state, one or two i">a--i c.y,ac»nihia-c» .nutrayi a. s. 
being preserved in the Museum of Compara- redi.,td, w^.^ and ai.d™i«ni ««■<>« wtntrom 
tive Zoology at Cambridge, Mass. Several smUh w„«d«-r,i) 
specimens from the Chemung of southern New York are also preserved in 
the State Museum at Albany. One particularly fine impression, shown in 
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plate 3, fijjure 7» is labeled as having come from the top of Learn hill, in 
the northern part of Ischua township, Cattaraugus county, and there are 
others from near Portville and southeast of Olean, in the same State. 

Formation and locality. Chemung beds (Chautauquan) ; New York 
and Pennsylvania. Catskill sandstone ; Tioga county, Pennsylvania. 



Subclass 

ImhIh^s with partially ossified skeleton, numerous membrane or dermal 
liont'H. aiul persistent notochord ; skull autostylic ; dentition confined to 
Innt'r bonrs of tho mouth ; gill clefts feebly separated, opening into a cavity 
with nuMubranous operculum ; paired fins archipterj-gial or reduced ; median 
Itifti oftrn Hiibdivided ; exoskeleton consisting of true bony tissue; sensory 
(■ttnaU vvt'll (h*vt*loped. 

'lUr (rw existing Dipnoan * species, comprised by the fresh-water 
yriina NcMucTatodus, Protopterus and Lepidosiren, form a well nigh inap- 
jirn liililr rnnnant of a once flourishing and highly diversified race of lung 
fitihf't), whoHt* maximum development and specialization occurred during the 
llrVMiih. (h\r remarkable order comprising huge armored fishes passed 
MillH'l^ oul of rxistrnre during the lowermost Carbonic, without leav- 
lMi{ ilriiM'hilantH. Such, at least, appears to be the most satisfactory inter- 
hMlMtMMi nf ihr group now commonly known as Arthrodires. Another 
nn\n, iIimI <»I (Irnoiliplerines, was conspicuous throughout the Paleozoic, 
fihi\ iiMiiliM'M i» IngluT ilrgree of specialization along certain lines than is 
/</|MMi| by liiirr forms. The geological historj- of the Sirenoid order, to 
wIhJi ' rriilmluh iind ils nuulern descendants belong, is not traceable with 
n HtilMly 'iirliir \\u\\\ ihe Triassic, although it is possible that some Paleo- 
^nu M Mh»iM»>, known chit'fly by the dentition, properly belong here. That 
)/HmHII^' nn nilMTh of this onler were in existence at least as early as the 

' /\'i ^in\hh i\ Hill liy ILum kcl» Houlon^or and others, the term Dipnoi, first applied by 
jhii'tiiht** MmIIm )m iH|<> ttii tho i^roup of lung fishes, is improperly so used, having been 
iiti 'Init'ti^ I \i^i^* M l*y I • "• i»'>'t J*** «i nunu* for Amphibians, There is no objection, however, 
]\{ i>\'i\ii\h\* )l"- H'liHi lM|iiioan UN a vornarular equivalent of Dipneusti, and it is here 
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Lower Devonic follows as a necessary inference from regarding Sirenoids as 
ancestral to Arthrodires and Ctenodipterines. This view of their relations, 
however, is novel, and the considerations which make for its acceptance, 
and compel us to look upon Neoceratodus as an archaic survival of the 
primal Dipnoan stock, will be discussed under the general treatment of 
Arthrodires. 

Order ARTHRODIRA 

Dipnoans having a reduced number of dermal bones forming the 
cranial roof, arranged essentially after the same pattern as in Ceratodonts, 
and their dentition also paralleling modern forms. Dermal armor of 
abdominal region consisting of large plates, either in simple apposition 
with the head shield, or articulated with its posterior border by a pair of 
movable ginglymoid joints placed dorsolaterally. Column notochordal, 
but with distinct neural and haemal arches. Tail apparently diphycercal in 
the best known forms ; paired fins rudimentary or absent ; pelvis repre- 
sented by a pair of sigmoidal or club-shaped plates, sometimes with an 
anterior ventral projection. 

The remarkable group of armored Coccosteuslike fishes was originally 
united with Asterolepids by M'Coy, in 1848, in a single "family Placo- 
dermi," and for more than 40 years this arrangement was adhered to by 
writers generally, save for slight changes in the rank assigned to the main 
divisions. To Professor Cope belongs the merit of being the first naturalist 
to recognize the heterogeneous nature of this assemblage, and to initiate 
its disruption. In 1889, he proposed the removal of Asterolepids from the 
class of fishes altogether, and at the same time referred Coccosteans pro- 
visionally to the Crossopterygii.' Soon afterwards, however, following 
Smith Woodward's suggestion, the several families of Coccosteans were 
grouped, under the new name of Arthrodira, in a separate order of Dip- 
noans.* This arrangement obviously implied, though it had not then been 
demonstrated, that the Arthrodiran skull was truly autostylic, and that a 

' Cope, E. D. Syno])sis of the Families of Vertebrata. Am. Nat. 1889. 23: 856. 
* Ibid, 1891. 25:647; also Syllabus of Lectures on Geology and Palaeontology. 
Phila. 1891. p. 14. 
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maxillary arch was not developed. Another feature which influenced the 
novel association of Arthrodires with Dipnoans was the parallelism, pre- 
viously noted by Newberr}^' between the dentition of Dinichthys and that 
of Protopterus. The absence of any indication of a hyomandibular bone, 
even in the most admirably preserved specimens, and of more than a single 
ossification in the lower jaw, were considered sufihcient reasons for excluding 
Arthrodires from Teleostomes. 

This provisional classification of Arthrodires with Dipnoans met with an 
indifferent reception on the part ot most paleontologists, and was afterwards 
rejected by some of its early supporters, notably Traquair and Bashford 
Dean. It was even conceded by Smith Woodward himself a few years 
later, that ** the systematic position of this extinct order is indeed doubtful."* 
Traquair s defection dates from 1900, when he declared, in his Bradford 
address,^ in favor of considering Arthrodires as *' Teleostomi belonging to 
the next higher order, Actinopterygii." The following year Dean expressed 
the radical view that they were not fishes at all, but representatives of a 
distinct class, called by him Arthrognathi, and conceived to have possible 
kinship with Ostracophori.* It was even allowed that subsequent researches 
might demonstrate a union between Arthrognaths and Ostracophores, 
whereby the time-honored group of Placodermata would be restored. This 
last was a complete reversal of his former view that the ** jaws, specialized 
dentition, fin spines, and highly evolved pelvic fins at once separate this 

group I Arthrodira] from the lowly Ostracoderms." ^ 

By far the most amplitudinous extension of the term Placodermata is 

that proposed by Otto Jaekel, in 1902, whereby the Pteraspids, Trematas- 

pids, Cephalaspids, Asterolepids and Coccosteans were all embraced within 

' Newberry, J. S. O. Cxeol. Siir. Rep't Pal. 1875. 2: 15. The suggestion is here 
advanced that Protopterus and Lepidosiren are lineal descendants of *' Placoderms." 

"Woodward, A. S. Outlines of Vertebrate Palaeontology. 1898. p. 64. 

3 Traquair, R. H. Vice Presidential Address. Brit. Ass'n Adv. Sci. Bradford meet- 
ing, Rep't. 1900. p. 779. 

4Dean, B. Palaeontological Notes. New York Acad. Sci. Mem. 1901, 2:113. 

^Idem, Fishes, Living and Fossil, N. Y, 1895, p. 130. 
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a single group.' This assemblage was modified a twelvemonth later, how- 
ever, in that the two last named divisions were bracketed together under 
the head of ** Temnauchenia," all of the others, together with Drepanaspids, 
Coelolepids and Birkeniidae, being collectively designated as *' Holau- 
chenia."* Placoderms in this broadened sense were all considered by 
Jaekel to belong to fishes proper, and it was further maintained by him 
that Coccosteans were ancestral to Chimaeroids, an opinion in which he 
clearly stands alone. The only other author who has ventured to recognize 
any descendants from Arthrodires whatever is Newberry, who, as we have 
seen, imagined Protopterus to be a modern survival of Dinichthys. 

We may now pass rapidly in review the minor fluctuations of opinion 
that are apparent during the last few years. Dr O. P. Hay, in his Cata- 
logue of Fossil Vertebrata of North America^ employs the term Placodermi 
for both Arthrodires and Asterolepids, placing them in the same subclass 
with Dipnoans. Arthrodires and Ostracophores are awarded each the rank 
of a separate subclass in the English edition of von Zittel's Textbook of 
Palaeontology, the author having disapproved of an association between 
Coccosteans and Dipnoans. In Mr C. T. Regan's remarkable paper of 
1904, already referred to, the Placodermi are reestablished so as to include 
Coccosteidae, Asterolepidae and Cephalaspidae, all being united in a single 
order of Teleostomes.^ During the same year Professor Bridge expressed 
the view, in the volume on Fishes in the Cambridge Natural History, that 
Coccosteans are ** a highly specialized race of primitive Teleostomi," and 
compared their cranial roofing plates with those of typical bony fishes. The 
idea of a relation between them and lung fishes is dismissed in the follow- 
ing passage, found at page 537 of the work in question : 

The Arthrodira have been regarded as armored Dipneusti, a view 
which is mainly based on their supposed autostylism and the nature of the 

'Jaekel, O. Ueber Coccosteus iind die Beurtheilung der Placodermen. Sitzungsber. 
Gesellsch. Natiirforsch. Freunde. 1902. p. 103. 

^ Idem. Ueber die Organisation und systematische Stellung der Asterolepiden. 
Zeitschr. deutsch. geol. Gesellsch. Mai-Protokoll. 1903. 55: 58. 

3 Regan, C. T. The Phylogeny of the Teleostomi. Mag. Nat. Hist. Ann, ser. 7, 

X904. 13- 346. 
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dentition. But this autostylism has yet to be verified, and, if proved, the 
possibility that it may be a secondary feature, associated with the evolution 
of a peculiar dentition, must not be forgotten. Much more may be said for 
their claim to be regarded as a highly specialized race of primitive Teleo- 
stomi. Besides a well developed lower jaw, bones comparable to the ele- 
ments of a secondary upper jaw are known, and in a general way the 
disposition of the cranial roofing bones, and the arrangement of the endo- 
skeletal elements of the pelvic fins, tend to conform to the normal Teleo- 
stome type. In fact, Dr Traquair has expressed the opinion that the 
Arthrodira are Teleostomi and Actinopterygii.' 

In his description of some Dinichthyid remains from Ohio, published 
in 1905, Mr L. Hussakof ' refers to them as " Placoderms," apparently using 
the term in its familiar acceptance. Their position is also left undetermined 
by E. Ray Lankester, in his interesting lectures on Extinct Animals^ 
recently published in book form.^ Dr Lucas's popular treatise on Animals 
before Man in North America places them in association with lung fishes, 
in accordance with Smith Woodward's idea. One other popular handbook 
claims attention, not only because it is an extremely useful work covering 
the whole subject of fishes, but because of the author's extensive acquaint- 
ance with fossil as well as recent forms. We refer to President Jordan's 
Guide to the Study of Fishes [N. Y. 1905], in the first volume of which, at 
page 582, the relations of Arthrodires are discussed in following wise : 

These monstrous creatures have been considered by Woodward and 
others as mailed Dipnoans, but their singular jaws are quite unlike those of 
the Dipneusti, and very remote from any structures seen in the ordinary 
fish. The turtlelike mandibles seem to be formed of dermal elements, in 
which there lies little homology to the jaws of a fish, and not much more 
with the jaws of Dipnoan or shark. 

The relations with the Ostracophores are certainly remote, though 
nothing else seems to be any nearer. They have no affinity with the true 
Ganoids, to which vaguely limited group many writers have attached them. 

'In his latest reference to this subject, however, he admits that they are of uncertain 
subclass. Compare, for instance, his description of Coccosteas angustus in Roy. 
Soc. Edinburgh Trans. 1903. 40: 732. 

* Hussakof, L. Notes on the Devonic " Placoderm/' Dinichthys intermedius Newb. 
Am. Mus. Nat. Hist. Bull. 1905. 2i: 27-36. Also, more recently, Studies on the Arthro- 
dira, in the memoirs of the same institution. 1906. 9: 105-54. 

3 Lankester, E. R. Extinct Animals. N. Y. 1905. p. 256. 
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Nor is there any sure foundation to the view adopted by Woodward, that 
they are to be considered as armored ofifshoots of the Dipnoans. 

Again, at page 445 of the same volume, this passage occurs : 

These creatures have been often called ganoids, but with the true 
ganoids like the garpike they have seemingly nothing in common. They 
are also different from the Ostracophores. To regard them with Wood- 
ward as derived from ancestral Dipnoans is to give a possible guess as to 
their origin, and a very unsatisfactory guess at that. 

Finally, reference may be made to two papers published lately by 
the present writer,' in which he endeavored to show that the dentition of 
Arthrodires belongs distinctly to the Dipnoan type, and that real homolo- 
gies exist between their dermal cranial plates and those of the living Neo- 
ceratodus. Indeed, the modern form was held to bear as intimate structural 
resemblance to Coccosteans on the one hand, as to Ctenodipterines on the 
other, although conforming more nearly than either in certain respects to 
the hypothetical ancestor from which all three types — Ceratodonts, Arthro- 
dires and Ctenodipterines — have been derived. 

The position maintained in this last communication is adhered to in 
the present memoir, and it is believed that sufficient evidence has now been 
accumulated to sustain its correctness. Heretofore, in default of positive 
evidence, writers have been unable to demonstrate the truth of any one of 
the various conjectures put forward to explain the nature of Arthrodires. 
However plausible one or another of these may have appeared, however 
widely they have gained acceptance, it must be remembered that a sug- 
gestion remains a suggestion, and a hypothesis a hypothesis, until its cor- 
rectness is fully demonstrated. Rightly is it said in one of Plato's Socratic 
dialogues:* *' Mere beliefs or opinions are, like the statues of Daedalus, 
runaway things ; not until they have been tied down by the chain of causal 
sequence do they stand fast and become in the true sense knowledge." 

What constitutes this ** reasoned interconnection" in the present case 
may be told in few words. In the first place we must anticipate a little by 

' Eastman, C R. Dipnoan Affinities of Arthrodires. Am. Jour. Sci. ser. 4, 1906. 
21: 131-43. Idem. Mils. Comp. Zool. Jkil. 1906. 50: 1-30. 
» Meno^ 159 I). 
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saying that valuable enlightenment concerning the dentition of Arthrodires 
IS furnished by the type of a new genus from the Portage of western New 
York, hereinafter described under the name of Dinomylostoma. This 
interesting form, transitional between Dinichthys and Mylostoma, acquaints 
us for the first time with the nature of the articulation between the lower 
jaw and head shield amongst Coccostean fishes ; it displays portions of the 
Meckelian cartilage, still preserved in natural position ; and the relations 
of this structure to the ossified mandibular elements — splenial and dental 
plate' proper — are seen to be precisely as in modern Dipnoans. The lower 
jaw of Arthrodires is therefore proven to conform strictly to the Dipnoan 
type, a fact of cardinal importance for their classification. The upper den- 
tition, also, is comparable in a general way to young stages of Neocera- 
todus ; hence it may be affirmed with entire propriety that the dentition of 
the recent genus passes through an early Mylostomid stage. Further com- 
parisons between Neoceratodus and typical Arthrodires, such as Coccosteus, 
Dinichthys and Mylostoma, establish a sound basis for the following 
propositions : 

1 The dermal plates forming the cranial roof in Arthrodires and primi- 
tive! Ceratodonts have undergone corresponding reduction, and become 
arranged after essentially the same pattern. 

2 Neoceratodus recalls throughout its entire organization, save only 
for the absence of dermal armoring, the principal features of Arthrodires ; 
and no theory of parallelism is competent to explain the aggregate of these 
resemblances. 

3 It is impossible to regard Neoceratodus as the degenerate descend- 
ant of both Ctenodipterines and Arthrodires, nor of either of them singly, 
since it partakes of the characters of both. Community of origin is there- 
fore necessarily presupposed for all three groups, there being no alternative 
explanation of their relations. 

4 Arthrodires and Ctenodipterines may be regarded as specialized 
offshoots which diverged in different directions from the primitive Dipnoan 
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Stem, only the more generalized descendants of the latter having survived 
until the present day. 

5 The primordial stock must have been autostylic, diphycercal, without 
a maxillary arch and dentigerous dentary elements, and with a Uronemus- 
like or Dipteruslike dentition ; characters which do not permit us to ascribe 
the ultimate origin of Dipnoans to the Crossopterygii, but suggest rather a 
descent from Pleuracanthid sharks. 

6 The recognition of Arthrodires as an order of armored Dipneusti 
precludes their association with Ostracophores in any sense whatever. The 
recently revived group of ** Placodermata " is, therefore, an unnatural 
assemblage, and should be abandoned. 

7 In the light of present information, the progressive modifications 
amongst early Dipnoans may be represented after some such scheme as 

follows : 

Neoceratodtis 



Ceratodus 



Ctenodus 



Ur on em lis 



Phancroplcuron 
Scatimcyiacia 



Dipterus 




Titanic hthys 
CoccosicuSy Dinichthys 
Mylosto7na, Di^iomy/ostoma 
Homosteus 

Macropctalichthys 



Primitive Ceratodonts 



Tt would be superfluous to present here a fresh demonstration of the 
close structural agreement between Arthrodires and Ceratodonts. One 
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point only need be developed a little more fully, perhaps, and that is the 
fact that Dinichthys and Mylostoma are related to each other in the same 
way with respect to their dentition as are Protopterus and Neoceratodus. 
This will appear from the following considerations. 

Dentition of Dinichthys and Neoceratodus compared. It is recognized 
by all students that Neoceratodus, in comparison with other surviving lung 
fishes, represents a relatively early larval stage of development ; nor does 
any one question that the trenchant dental plates of Protopteri:r> and Lepid- 
osiren are other than a mere variant of the Ceratodont type. This much 
being granted, it is but a short step further to see that the dentition of 
Dinichthyids has been similarly derived. Certainly no difficulty is offered 
by the so called ** premaxillary " teeth of Dinichthys, which are the precise 
equivalent of the vomerine pair in modern Dipnoans. As for the character- 
istic crushing plates in the upper jaw of Ceratodonts, these occur normally 
in Mylostoma, but in Dinichthys become rotated so as to stand more or less 
vertically, their outer denticulated margins functioning against one another 
in opposite jaws like the blades of a pair of shears. An inkling as to how 
this modification was brought about is offered by the Triassic Ceratodus 
s t u r i i, which may be taken to represent an incipient stage of metamor- 
phosis. The dental plates of this form are observed to be turned consid- 
erably on edge, their marginal corrugations interlocking in opposite jaws 
when the mouth is closed, and a rudimentary^ beak being developed in front 
which recalls the well known forward projection in Dinichthyid mandibles. 

As for the so called "maxillary" or "shear tooth" of Dinichthys,. this 
corresponds clearly to the triturating upper (palato-pterygoid) dental plate 
of Ceratodonts, turned rather more upright than in C. sturii, and its 
anterior process or "shoulder" is represented by the forwardly placed 
asc<!nding process of modern forms. In Arthrodires, as in other Dipnoans 
and higher forms, the functional lower jaw is formed by membrane plates 
which have ossified around the Meckelian cartilage. Distinct angular and 
arli(!ular elcnKmts appear to be wanting in Dinichthys,' but the splenial is 

■Dcun, H. Fishfs, Living and Fossil. N. V. 1895. p. 133. 
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Strongly developed, supporting the dental plate sensu stricto in front, and 
being articulated posteriorly with the cranium by cartilage, as in Neocera- 
todus. But one interpretation can be given of the conspicuous groove 
which extends forwards along the inferior border of the splenial, passing 
underneath and to the inner side of the dental plate proper, and terminat- 
ing near the symphysis. In it were lodged remnants of the Meckelian 
cartilage, precisely as in the living Protopterus. Intermandibular teeth 
have not been definitely proved to occur, although their presence would be 
in strict accord with embryological evidence, and the appearance of certain 
specimens has led some investigators to suspect that such teeth were 
developed; moreover, in Coccosteus, Diplognathus etc., we are confronted 
with a denticulated symphysial margin, the significance of which has not 
been explained. Finally, it should be noted that an approach to the 
Dinichthyid form of mandible is made even amongst Ctenodipterines,' and 
some of these also develop cutting edges, asinSagenodus pertenuis,* 
for example. 

Dentition of Mylostoma and Neoceratodus compared. Our knowledge of 
Mylostoma received important additions a few years ago as the result of 
Dr Bashford Dean's investigation of the type species.^ Since then, how- 
ever, fresh material has been brought to light which shows that this author 
was not entirely successful in determining the relations of the palato- 
pterygoid dental plates in the unique specimen studied by him. Their 
true disposition has recently been ascertained beyond doubt to be as rep- 
resented in the accompanying text figure i8, a similar arrangement holding 
true also for Dinomylostoma, and, interestingly enough, being repeated in 
early stages of Neoceratodus. This we have already alluded to in a pre- 
ceding paragraph, by saying that Neoceratodus passes through a Mylo- 
stomid stage. One can hardly fail to appreciate the significance of this 

' Atthey, T. On Ctenodus obliqiius, etc. Mag. Nat. Hist. Ann. ser. 4, 1875. 15: 309, 
pi. 19, fig. 2. 

'Eastman, C. R. A Peculiar Modification amongst Permian Dipnoans. Am. Nat. 

1904. 37:493-95- 

3 Dean, B. Palacontological Notes. N. Y. Acad. Sci. Mem. 1901. 2: roi-9. 
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fact in considering the relations between fossil and recent forms. It has 
been shown by Semon ' that the dental plates of the modern genus arise 
through concresence of conical denticles, which are at first disposed so as 
to form two pairs of palato-pterygoid plates, these afterwards fusing into 
one ; and, thanks to this observation, we can readily account for what would 
appear at first sight to be a supernumerary pair in Mylostoma. Moreover, 
it will be noted that the peculiar posterior contour of the hindermost pair 
of plates in the fossil form is scarcely to be explained except as we regard 
it in association with, and conformable to, the usual pattern of palato- 
pterygoid cartilage found in all Dipnoans. Amongst Ctenodipterines this 




clement is ossified, and passes under the name of " upper dentigerous 
b(ini'," yet it preserves essentially similar outlines, and bears the stamp of a 
perHiKtcnt feature. 

'l'\\v. mandibles of Mylostoma betray unmistakable traces of a Cerato- 
(lunt 'irigin, for the dental phile properly speaking is even more sharply 
(li'ilinguiNlu'd from the splonia! than in Dinichthys or Dinomylostoma. The 
|trr«ciirc of iiilcrmiuulibular teeth would be in complete harmony with 
rnibryolngic'iil rviilciii't', and as a matter of fact certain detached teeth have 

'Nriiiiiii, K. Die /uliiiriunii kclun^ ties iVnitKhis forsteri. Zooi. Forschungsreisen 
III AiivtMilit'ii rl( , Jriia UfiikHtlir. i>i-^t. 4: 115-33. 
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been somewhat doubtfully interpreted as such by Newberry.* The pair 
figured by him, however, have recently been ascertained to represent imper- 
fect mandibular plates of an undescribed species of Mylostoma, and are 
proved to have been firmly united in the median line. Under these con- 
ditions intermandibular structures are definitely excluded. Amongst 
Ctenodipterines, Synthetodus furnishes the only known example where 
symphysial teeth are permanently retained, thus paralleling an evanescent 
condition in Neoceratodus. Indeed, this very character leads one to sus- 
pect that the form in question belonged to primitive Ceratodonts, rather 
than to the Ctenodipterine order of Dipnoans. 

Systematic arrangement of Arthrodires. Various stages of evolution are 
recognizable throughout the group, the most important being typified by 
(i) Macropetalichthys, (2) Homosteus and (3) different genera comprised 
by the families Coccosteidae, Mylostomatidae and Selenosteidae in order 
of progressive specialization. In the system of classification proposed by 
Bashford Dean, these stages find expression through the erection of three 
new ''orders," the first and most primitive of which includes Macropetali- 
chthys and Asterosteus, the second Homosteus, and the third all of the 
more highly specialized forms. Dean's arrangement of families, and for 
the most part, of genera as well, is probably as judicious as present known 
facts will allow ; hence we have adopted it in the following section of the 
report, without, however, taking account of his larger divisions. His defi- 
nition of one of them, as pointed out by JaekeV includes structural charac- 
ters which do not exist ; and we may be reasonably confident that in none 
of them did the jaws operate by rotary movements, on which point Dean, 
and following him Hussakof, lay great stress. 

Family Nf J^CItOPECXJ^I^ICHXHYIDA.E& 

Cranial shield much arched from side to side, completely inclosing the 
orbits, and extending over the nuchal region posteriorly. External surface 
covered with fine stellate tubercles which conceal the underlying sutures 
between dermal plates. Median series of plates but two in number, narrow 

* Newberry, J. S. U. S. (Jeol. Sur. Monogr. 1889. 16: 165, pi. 16, fig. 4. 
*Jaekel, O. Referat in Neues Jahrb. f. Min. Jahrg. 1903. 1:342. 
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and dongatc ; external occipitals large ; centrals divided, the two pairs on 
either side not meeting in the middle line. Pineal foramen inconspicuous, 
situated slightly in advance of a line joining the anterior borders of the 
orbits. Sensory canals forming large tubular excavations in the bone, 
opening at th<! external surface by a continuous narrow slit or by a double 
row of pores. Parachordal cartilage and notochordal sheath ossified. 
Dental plates and abdominal armor unknown. 

The typical genus of this family is Macropetalichthys, known by a 
Hingli! American, and one or two European species. Some others, as yet 
unde.Hcrilied, are reported by Jaekel from the Eifel Devonic, and at the 
same timet the form described by Kayser as M. pruemensis is made 
the type of a new genus.' The members of this family evidently stand in 
Honutwhat close relation with Homosteus, all of these forms having the 
head shield prolonged posteriorly over the nuchal region, and exhibiting a 
decidedly primitive arrangement of cranial plates. In this latter respect it 
is interesting to note that the median series of plates are reduced to the 
same number as in Neoceratodus. 

(;enus KAOBO. ETAUCHTUYS Norwood & Owen 

This genus, certainly one of the most primitive of Arthrodires, is repre- 
s(*nted in this country by the typical species, which was first described under 
the name of M, r a p h e i d o 1 a b i s. The history of our acquaintance with 
the genus is interesting, and may be recapitulated as follows : Specimens 
of the head shield seem to have been first discovered by Mr Joseph Sulli- 
vant, of Columbus, C)., as early as 1836. though they were not brought to 
the attention of students until several years later. In 1846 Messrs Nor- 
wood and Owen published a Description of a ncio Fossil Fish, from the 
PaUuozoic Roiks of Indiapui* in which the generic and specific titles were 
properly proposed. The type specimen of M. rapheidolabis was 
exhibited before the American Association for the Advancement of Science 



' JaokcL iV Tebor C\Hcosteus und die Heurtheilung der IMacodernien. Sitzungsber. 
(•rseUsvh. Nuturforsv h. Freunde. igo<:, p, 113. INiL Jahrg. 1906. 73-85. 
*.\m. Jour, Sci. [<;] 1S46. 1: 367-71. 
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at the Cincinnati meeting, in 1851, where it was examined by Professor 
Louis Agassiz.' Newberry, in 1862, mentions having seen a cast of the 
same, but states that the original itself had disappeared/ However, it still 
remained in existence, and was finally acquired by the University of Mis- 
souri. In 1891 it was redescribed by Cope,^ most fortunately for science, 
since only a few months after its return to Missouri it was destroyed by fire 
together with the entire contents of the museum to which it belonged. 

The same year that Norwood and Owen described the type species, 
Hermann von Meyer ^ published a few notes on the fossil fishes from the 
Eifel Devonic, one of which received the name of Placothorax agas- 
siz i. This was soon afterwards figured and described by the same 
author,* but it was reserved for Newberry, in 1857, to point out its identity 
with Macropetalichthys/ Von Meyer's specimen was entirely denuded of 
its superficial ornamentation, a circumstance which prevented him, as he 
tells us, from associating with it a second specimen which he described 
under the name of Physichthys hoeninghausii;^ nevertheless he 
conceded that they might possibly prove to be identical. He also pointed 
out that fragments of the same nature and from the same locality as these 
had been described by Agassiz under the title of Asterolepis hoen- 
i n g h a u s i i. Von Meyer's type specimens of '* Physichthys " afterwards 
passed into the possession of Dr L. Schultze, from whom they were pur- 
chased in 1 87 1 by the Museum of Comparative Zoology at Cambridge, 
Mass. Here they were examined by Dr A. Smith Woodward, who was 
the first to demonstrate the true nature of "Physichthys."* A second 
European species was brought to light in 1880, and named M. prue- 

' Am. Ass'n Adv. Sci. Proc. 1851. 5: 179. 

■ Am. Jour. Sci. [2] 1862. 34: 76; U. S. C/eol. Sur. Monogr. 1889. 16: 27. 

3 U. S. Nat. Mus. Proc. 1891. 14: 449-56. 

< Neues Jahrb. flir Min. 1846. p. 596-97. 

5 Palaeontographica 1847. i- 102-4, pi. 12, fig. i. 

^ Nat. Inst. Bui. 1857. p. 119. 

7 Palaeontographica 1855. 4' So~^3, P^- ^5. ^g i"5« 

* Geol. Mag. [3] 1890. 7:459; also Cat. Foss. Fishes Brit. Mus. 1891. pt 2, p. 303. 
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mensis by Dr E. Kayser.' It was further described and illustrated by 
Professor A. von Koenen in 1895, together with an imperfectly preserved 
Bohemian cranial shield, designated as Holopetalichthys novaki. 
Quite recently, as we have already seen, Dr Otto Jaekel expressed the 
opinion that the type of M. pruemensis should be held to represent a 
distinct genus. 

We may now trace the progress that has been made in investigating 
the typical American species, which had not ceased to attract attention. 
Professor Newberry contributed to the first number of the Annals of 
Science, published October 15, 1852, a brief account of ** Fossil Fishes from 
the Cliff Limestone," in which he described and figured an unusually per- 
fect specimen of Macropetalichthys. Although the position of the principal 
plates and their centers of ossification are clearly portrayed in this early 
woodcut, the significance of these features was not understood, and no 
account was taken of them in later restorations. Newberry's views as to 
the relations of his fossil are thus stated : *' This is evidently the cranium 
of a ganoid fish, allied to the Asterolepis of Europe, and is probably identical 
with that described by Owen and Norwood. I S2iy probably, for although 
the general outline of the cranial plates seems to establish an identity, 
their description would indicate entire distinctness — a discrepancy which I 
am inclined to attribute to the imperfect preservation of their specimen." 

Other crania were exhibited by Newberry before the American Asso- 
ciation for the Advancement of Science at the Cleveland meeting in 1853, 
and in 1857 descriptions were given of two new species, the so called 
**Agassichthys sullivanti and A. m a n n i," which were at that time 
considered to be generically distinct from Macropetalichthys." A few years 
later, however, Newberry returned to the belief that the two species of 
*' Agassichthys," and also the type of von Meyer's ** Placothorax," all 
belonged to Nor\vood and Owen's genus.' Subsequently he found it diffi- 

» Zeitschr. deutsch. geol. (ies. 1880. 32:678. 
■ Nat. Inst. Bui. 1857. p. 119-24. 
3 Am Jour. Sci. [2] 1862. 34: 74, 75. 
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cult to maintain the distinction between M. s u 1 1 i v a n t i and M. m a n n i, 
and was *' disposed to consider the differences which they exhibit as prob- 
ably due to age or sex." ' A final statement of Newberry's views regarding 
the structure and relations of Macropetalichthys appeared in his Mono- 
graph on Palaeozoic Fishes of North America, published in 1889, the genus 
being compared with existing sturgeons, and sensory canals being still mis- 
taken for sutures. Cope," in his review of his friend's monograph, denied 
that this genus was in any way related to modern ganoids, and redescribed 
its characters the following year. Some additional details were pointed 
out by the present writer in 1897, and an attempt was made by Dean, in 
his important memoir of 1 901, to homologize the cranial plates of Macro- 
petalichthys with those of other forms. Aside from the reviews of this 
memoir which appeared in this country and abroad, nothing has been 
contributed to the literature of the American species within the last few 
years. 

Macropetalichthys rapheidolabis Norwood & Owen 

Plate 9, figure 5; plate 11; text figures 19-ai 

1846 Macropetalichthys rapheidolabis Norwood & Owen. Am. Jour. 
Sci. [2] 1:371 

185 1 "Buckler of ganoid fish " L, Agassiz. Am. Ass'n Adv. Sci. Proc. 5: 179 

1852 Macropetalichthys sp. /, S, Ntivberry, Ann. Sci. i, p. 12 

1^57 Agassichthys sullivanti /. S. Ne7vberr}\ Nat. Inst. Bui. p. 124 
^^^57 Agassichthys manni J^ S, Newberry. Nat. Inst. Bui. p. 122^ woodcut 
1862 Macropetalichthys manni and M. rapheidolabis. Am. Jour. Sci. 

\A 34: 75* 76, woodcut 
1873 Macropetalichthys sullivanti J, S. Nnvberry, O. Geol. Sur. Rep't 
Palaeont. v. i, pt 2, p. 294, pi. 24, 25, fig. i 

1889 Macropetalichthys sullivanti J. S. Newberry, U. S. Geol. Sur. 
Monogr. 16; 44, pi. 38, fig. i, 2 

1890 Macropetalichthys sullivanti E, D. Cope, Am. Nat. 24 : 846 

1891 Macropetalichthys sullivanti and M. rapheidolabis E. D. 
Cope, U. S. Nat. Mus. Proc. 14: 449-56, pi. 29, 30, fig. 5 

■ Ohio Geol. Sui. Rep't. Palaeont. 1873. ^'* ^» P^ 2, p. 295. 
* Am. Nat. 1890. 24:844-47. 
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I K97 Murropetalichthys suUivanti and M. rapheidolabis C J^. 

Eastman, Am. Nat. 31:493-99, pi. 12 
1 90 1 M a c r p c t a 1 i c h t h y s sp. B. Dean, N. Y. Acad. Sci. Mem. v. 2, pt 3, 

p. I M)^ text fig. 13 

Head shield suboval, regularly arched from side to side, attaining a 
maximum l<Mij;lh of about 25 cm, and width across the posterior border of 
about 17 cm. Ornamentation consisting of fine, closely crowded stellate 
tubercles, sometimes displaying concentric arrangement. Of the two pairs 
of small ccmtrals, which are separated from each other by the median occip- 
ital, the anterior takes part in the orbital border and is not traversed by 
s<*nsory canals. Pineal plate pierced by an inconspicuous foramen, and 
apparently e(|uivalent to the so called anterior median element or **meseth- 
moiil ** of Neoceratodus. Parasphenoid much expanded in front, posteriorly 
pnuluced, resembling in a general way that of Ctenodipterines and Sire- 
ntuds, but considerably less ossified. 

Preorbital sensory canals lyrate, and confluent in the middle line with 
the sharply angulated exoccipito-central system. The postorbital canal 
extends from the inferior border of the orbits to the center of the marginal 
plates, when* it turns abruptly inwards and continues in a straight line to 
n\eet the exoccipittM:entral canal at the point of its angulation. The latter 
disappears InMieath the surface of the external occipital plate close to the 
hinder mar^^in of the head shield. 

Speaking entirt^ly within bounds, it is not too much to say that the 
characters of this long misunderstood genus and species fail of comprehen- 
sion, v^r at least of s;itisfactor\- analysis, save as they are brought into rela- 
tion with those of minlern Hipnoans, and interpreted through comparison 
with them. Many students have puzzlevl over the cranial osteologj* of 
Macrv^lH^lalichlhys auvl the allievl genus Asterosteus. of which only the 
nu\Uan series of plates arxr known : but accumulation of details has resulted 
only in givater {>cq>lexity. Werv a moral to be drawn from this state of 
^ffaiix atxvl others like it. it wouM be this : However dili^ntlv facts mav be 
wUev^tevl, hv^wever attentively studiovL they jH^ssess of themselves no intrinsic 
rjdu^ ; their v;>etulucss lies only in the meosurt^ that we are able to appre- 
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ciate their significance, and to draw from them generalizations. Intolerably 
barren must be those lines of inquiry which result in no broad conclusions. 
Natural science, however, and especially paleontology, imposes upon us this 
difficulty : for an hour or two of synthesis, years of patient application in 
the study of facts are required. 

That which has hitherto been puzzling in Macropetalichthys and Aste- 
rosteus is the absence of a standard of comparison or other clues by means 
of which their characters acquire significance ; they must needs remain 
unintelligible until brought into adjustment with other definitely known 
facts. Newberry, as we have seen, went widely astray in imagining these 
forms to be ancestral to modern sturgeons. Cope's keen insight led him 
immediately to perceive the resemblances between Macropetalichthys and 
Dinichthys ; and in suggesting a comparison between the former and 
Neoceratodus, he actually hit upon — though without adequately realizing 
it — a solution of the whole matter. Holding within his grasp the key to a 
correct interpretation of the Arthrodiran skull in all particulars, one regrets 
that he did not consistently apply it, instead of attempting vainly to estab- 
lish homologies with the skull of Stegocephalians. Only in one respect 
does he point out similarity of structure between Macropetalichthys and 
modern Dipnoans, and this relates to the underside of the head. The 
parasphenoid was correctly identified as such, and observed to have the 
usual Dipnoan outline ; but he was less happy in determining the relations of 
the so called ** cerebral chamber" of Newberry, and the structures termed by 
him " nuchal elements." Cope's ** nuchal plate," or '* dorsal plate " as it was 
called by Dean and Eastman, was further misinterpreted by the last named 
authors in that it was held to represent collectively the dorsal body plates 
of other Arthrodires, Dean's definition of "Anarthrodira " being based upon 
this view. Indeed, it must be said frankly that serious misapprehension has 
existed in the minds of all students, including the present writer, concerning 
the structures seen within the interior of the head shield in Macropetalich- 
thys. As in the case of the cranial buckler itself, they only become intelli- 
jfible through comparison with surviving Dipnoans, as will presently be shown. 
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Cranial osteology. The arrangement of dermal roofing plates in the 
cranial buckler of M. rapheidolabis is shown in the restoration given 
herewith and also observable in the head shield represented in plate ii. 

Referring to text figure 24 for 
comparison, it will be seen that 
the disposition of these elements 
corresponds in a general way to 
the pattern presented by Neocer- 
atodus. Especially is this true 
of the median series of plates, 
the hindermost of which is elon- 
gated nearly to the same extent 
as in Homosteus. Other points 
of agreement between the form 
under discussion and Homosteus 
consist in the elongation of the 
external occipitals, and inclosure 
of the orbits within the head 
shield. In more specialized 
forms, the preorbital and postor- 
bital plates are merely notched 

Kin. 19 Kettoriktion of M«i-rt>petAHchthy« thowinf arrancYment of 
cranial pUie» and co«r»e of »en»ory tanaU, k^. C *» T^-dirid^ by the OrbitS, but in MaCrOpetal- 
ccntraU; A'c^— external tHviitiul ;. I/— marginal ; .V<>-»medtan occini- •1^1 ii ^ J 

,, « K , , I . , J ichthvs, Homosteus, and presum- 

tal; /^— combined pineal and rotiral, corr««pondinc to anterior median « ^ 

a«|vaired platein NeiveratiHiua; A>— pr«orhital; /><>*po»torbital ably alsO in AstCrOSteUS, thcSC 

two plates unite to form their external border. 

A conspicuous diflfercncc between Macropetalichthysand other Anthro- 
dires, one which has pn^ved a stumbling-block to a correct understanding 
of the cranial osteology, lies in the fact that the central elements are divided 
so as to form /7i*o small plates on either side immediately back of the preor- 
bitals; these are placed one In^hind the other, the two pairs being separated 
from contact with each other in the median line bv the elonorated median 
occipital plate, very much in the s*\me wav as in Neoceratodus, That the 
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plates here called centrals are correctly identified as such is evident from 
the following reasons : first, the two pairs together occupy the usual posi- 
tion of the centrals with reference to the preorbital 
plate in front, and to the postorbital and marginal 
plates externally. Secondly, I 
they are proved to be such I 
by the disposition of sen- 
sory canals. Imagining the 
suture line as obliterated 
between the two independ- 
ently ossified plates on 
either side, we shall have 
a single pair of elements 
occupying the same rela- 
tive position as in Homo- »f Mur<>p«>iichthr>, >u™ from ih. 

_, ^ , cmbnl upccl. C--fimKin of uicHor 

SteUS. 1 he posterior «i>tna ; Jf-mrnin.) : /■^-pnorblul i 

. , , , . /VO-pmlorbiul. Original In Am crlcu 

moiety of this plate is seen Hii»um. «».>■» 
to be traversed by three different canal systems, 
identifiable with those called by Dean the preorbital, 
postorbital and occipital. Now, in the head shield of 
all Arthrodires so far as known, the central is the 
only plate traversed by all three of these canals. The 
preorbital and postorbital systems are sometimes con- 
fluent in other forms, but the occipital (or more prop- 
erly, the exoccipito-central) does not unite with these 
other systems save only in Macropetalichthys. A 
I detached specimen of the median occipital show- 
■ ing confluent canal systems is represented in text 
figure 21. 

Evidence of the primitive nature of this genus, as compared with other 
Arthrodires, is furnished by the following characters, which point to a sur- 
vival of embryonic or ancestral conditions: (i) continuity of the sensory 
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canal systems ; (2) discreteness of the central elements and their separation 
on either side of the middle line by the median occipital ; (3) reduced num- 
ber of median series of plates ; and (4) absence of any evidence of articula- 
tion or other connection between the head shield and dorsal body plates. 

We have next to speak of the configuration of the basis cranii, by 
which term is understood, of course, not the inner surface of the cranial 
buckler, but the floor and posterior wall of the chondrocranium, the passage- 
way provided for the initial portion of the vertebral axis, ossified para- 
chordal cartilages, and the greatly elongated parasphenoid which forms the 
roof of the mouth. In the first place it should be noted that a bony exten- 
sion of the external occipitals is developed along the posterior margin of 
the head shield in the form of a thin lamina or septum which extends 
nearly vertically downwards into the soft parts until reaching the level of 
the parasphenoid, with whose hinder extremity it joins. It is along the 
plane of this septum that the exoccipito-central canals penetrate downward 
and inward from the outer surface by means of funnel-shaped openings, the 
interior of which is filled with cancellated bony tissues. The function of 
the posterior septum seems to have been to impart rigidity to the arch of 
the head shield, and to serve as a partial support for the parasphenoid 

The last named element resembles in a general way the familiar 
lozenge-shaped bone in Dipterus and modern Dipnoans, but is remarkable 
for its great expansion in front, where it occupies nearly the entire width 
of the head shield. Becoming narrower in the occipital region, it is con- 
tinued backward as far as the posterior margin in the form of an arched 
laminar plate, not unlike that of Neoceratodus in form, upon which rests 
the parachordal cartilages and notochordal sheath. This hinder portion of 
the parasphenoid was interpreted by Cope as consisting of a pair of distinct 
elements, called by him the ' lateral alae of the axis," or, in another place, 
*• descending osseous laminae " , but it is clear from well preserved speci* 
mens that only a single ossified element is attached to the floor of the carti- 
laginous cranium. A right understanding of this feature shows that in the 
fonn under discussion the parasphenoid is produced posteriorly to the same 
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extent as in Neoceratodus and Lepidosiren ; hence Cope's statement 
requires rectification when it is said that the parasphenoid in modern forms 
is abnormally produced behind.* The extreme thinness of the bone in its 
anterior portion stands in decided contrast to the solidly ossified plate of 
Ctenodipterines, and it is further noteworthy that no specimen has yet 
enlightened us as to its relations with the palato-pterygoid cartilages. Near 
the point of its greatest constriction, in what corresponds to the position of 
the quadrate bone, is a well marked oval concavity, described by Cope as a 
" glenoid fossa "; and this may not improbably be looked upon as having 
served for attachment of the mandibular suspensorium. Nothing whatever 
is known of the characters of the latter, nor of the dentition ; and accord- 
ingly these structures are inferred to have been cartilaginous. 

Reference has been made to the tubular sheath which inclosed the 
notochord, and this we have stated to be supported below by the narrow pos- 
terior projection of the parasphenoid, miscalled by Cope *' descending axial 
alae." The region traversed by the chordal sheath within the interior of 
the head shield has been variously interpreted, Newberry having described 
it as a " cerebral," and Cope as a *' nuchal " chamber, both authors evidently 
regarding it as completely closed on all sides. As a matter of fact, the 
space designated by these writers as a ** chamber " was closed at either end 
by thin osseous partitions, and above by the cranial roof ; but it was clearly 
open below on either side of the constricted portion of the parasphenoid. 
We can not imagine this partially inclosed space to have been the seat of 
any organ, although likely enough it contained fatty matter. Bearing in 
mind these differences of interpretation, it may be profitable at this point 
to examine Cope's account of the conditions observed by him in the holo- 
type of the species, since unfortunately destroyed by fire. The following 
extract occurs at page 452 of the article already quoted : 

Turning now to the inferior aspect of the skull, we observed, at the 



** '1 



The parasphenoid in both Lepidosiren and Ceratodus is produced abnormally, and 
it is only necessary to imagine this part to be reduced to its normal length to have the 
conditions found in Macropetalichthys." [Cope, £. D. On the Characters of some 
Palaeozoic Fishes. U. S. Nat. Mas. Proc. 1891. 14: 455] 
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middle line of the inferior-posterior border, a wide, upward excavation, look- 
ing backwards and downwards. It rapidly contracts into a groove with an 
angular superior middle line. Whether this groove is part of a tube can 
not be ascertained, owing to the loss of the bony tissue on each side and 
below, but it may be only the apical angle of a roof-shaped space, whose 
lateral slopes are produced on each side, sloping well downwards and out- 
wards. These sloping faces of the matrix represent a pair of osseous plates, 
which descended on each side from the sheath of the myelon and chorda dor- 
salis, for the latter occupied this position in the groove already described. 
Such a structure would indicate the presence of a number of fixed vertebral 
elements, such as exists in the chimaeras, the rays, and the sturgeons. . . . 
At the point of junction of the parasphenoid with the lateral alae of 
the axis is situated what I suppose to be the foramen magnum. It is the 
direct continuation of the groove already described, and, being floored by 
the parasphenoid, has a triangular section. There is no trace here of a 
fossa for the chorda dorsal is, nor of an occipital condyle, nor is it probable 
that either existed at this point The parasphenoid is thin, and there are 
no indications of teeth to be observed on it. 

It remains for us to state that the thin, vaulted and backwardly curved 
partition which closed the so called "cerebral chamber" in front is in reality 
nothing more nor less than the posterior wall of the chondrocranium. It is 
'proved to be such by the notochordal opening above described ; by its form 
and position, which are extremely suggestive of Dipterus ; ' and by its sus- 
pension from the cranial roof in a manner recalling that in Neoceratodus. 
It was, however, but slightly ossified, the bone substance being everywhere 
thin, and no distinct exoccipital plates being formed about the foramen mag- 
num. Nothing can be stated of the lateral walls of the chondrocranium, 
for the reason that they have not been observed in any specimen yet dis- 
covered ; and it is quite likely that they were unossified. Appearances in 
Chelyophorus and Homosteus lead us to anticipate that further details may 
be forthcoming in regard to the chondrocranium and parachordal cartilages 
than is possible to learn from the less ossified condition of these parts in 
Macropetalichthys. 

Abdominal armoring. Neither in this nor other species of Macropet- 
alichthys, nor in the allied genus Asterosteus, have plates been found' in 

'Traquair, R. H. On the genera Dipterus, Palaedaphus, etc. Ann. Mag. Nat. 
Hist. scr. 5. 1878. 2:5, pi. 3, fig. i. 
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natural association with the head shield, or even in the detached condition, 
which can be interpreted with any degree of assurance as belonging to the 
dermal covering of the trunk. Analogy with other Arthrodires is indeed 
suggestive of the development of body armor ; but on the other hand regard 
must be paid to the fact that no indications of overlap nor of an articular 
joint are visible along any portion of the posterior margin, and that the 
sensory canals stop short of it, whereas in other genera they are continued 
across the cleft between head shield and body armor. Conclusions based 
upon negative evidence are liable at any moment to be overturned by new 
discoveries ; but in the present case this is the only class of evidence avail- 
able, and the inference to be drawn from it is that the most primitive 
Arthrodires resembled Ceratodonts in being unprotected by abdominal 
armor. In all groups the development of an extensively ossified exoskeleton 
is looked upon as evidence of specialization. Its nondevelopment amongst 
forms that are clearly primitive in other respects would be, therefore, in 
nowise startling. Moreover, it should be remembered that within a single 
family of Ostracophores, Pterichthys is scaled, Bothriolepis naked. 

In view of the remarks that have just been offered it is scarcely neces- 
sary to say that the view formerly entertained by the present writer, and 
more fully developed by Dean in his definition of "Anarthrodira," accord- 
ing to which all that portion of the head shield lying posterior to the chon- 
drocranium corresponds to the dorsal body plates of typical forms, is now 
rejected as erroneous. The median and external occipital plates in this 
species are not superimposed upon a separate system of underlying plates, 
and whatever notion may have existed to the contrary may be set down to 
deceptive appearances. Thus, the plates called by Newberry "parietal," 
''squamosal," and "epiotic," in the region covered by the external occipital, 
have no real existence, the supposed sutures between them being merely 
the impressions of oblique ridges and other markings of the single large 
plate which forms the posterolateral border of the head shield. The disso- 
ciated elements belonging to a single individual are shown in plate 9, 
figure 5. 
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Fonnatton and locality. Onondaga limestone ; Leroy, X. Y. Colum- 
bus and Delaware limestones; Ohio. " Comiferous " limestone ; Indiana 
and (?) Canada. 

MacropetaliclitliTS agassizi (von Meyer) 

^^45 Asterolcpis hoeninghausii Z. Agassis (er'-in-e). Poiss. Foss. V. G. R. 

P- 130. M7. pl- 30^ fig- >o 

1846 Placothorax agassizi H. nm Meyer. Xeucs Jahrb. ffir. Min. p. 596 

1847 Placothorax agassizi H. tsm Meyer. Palaeontogr. 1:102, pi. 12, fig. i 
1855 Physichthys hoeninghausii H. von Meyer. Palaeontogr. 4: 80, pi. 15, 

fig. 1-5 (pum figs. 6-1 1 ) 
^^57 Agassichthys agassizi /. S. Newherry. Nat. Inst. Bui. p. 119 
1873 Macropetalichthys agassizi J, S. Xewherry. O. Geol. Sur. Rep't, 

Pal. V. I, pt 2, p. 291 
1895 Macropetalichthys agassizii A. ran Kocmem. Abhandl. Ges. Wiss. 

Gottingen, 40: 22, pi. 4, fig. 3 

Reference has already been made to the fact that the type of Hermann 
von Meyer's Physichthys hoeninghausii is now the property of 
the Museum of Comparative Zoolog)' at Cambridge, Mass. Although 
incomplete, the part that is preserved shows several of the cranial elements 
very distinctly, and also the narrowed posterior portion of the parasphenoid 
which supports the notochordal sheath. This is deeply channeled in the 
nfedian line for the passage of the notochordal sheath, and is concentrically 
striated in the same manner as the vertical lamina which descends from the 
posterior margin. The sheath itself exhibits no trace of segmentation, and, 
like that in the type species, is of remarkably small diameter. 

Formatioii and locality. Middle Devonic ; Eifel district, Germany. 

Genus ASTEBOflTEUS Newberry 

An imperfectly definable genus, known only by the median series of 
cranial plates, but apparently closely approaching Macropetalichthys in 
structure. Ornamentation consisting of large, rounded, stellate tubercles, 
very irregular in size and arrangement ; sensor}^ canals indistinct ; a pineal 
foramen, and also a pair of large oval openings of unknown significance 
present in the interorbital region. 
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Asterosteus stenocephalus Newberry 

1875 Asterosteus stenocephalus J. S, Ntivberry\ O. Geol. Sur. Rep't, 

Pal. V. 2, pt 2, p. 36, pi. 54, fig. I 
1889 Asterosteus stenocephalus J. S. Newberry, U. S. Geol. Sur. 

Monogr. 16:45, P*- 30, ^^g- i 
1891 Asterosteus stenocephalus A, S, Woodward. Cat. Foss. Fishes Brit. 

Mus. pt 2, p. 312 

Only a few examples are known of this species, none of which display 
the entire width of the head shield ; accordingly, previous descriptions 
which represent the latter to be narrow and elongate are to be understood 
as applying only to the median series of plates, between which sutures are 
not distinctly traceable. The large, mesially placed openings between the 
orbits are regarded by Woodward as nasal, an interpretation which we are 
inclined to consider extremely doubtful in view of the invariable position 
of the nasal openings in other Arthrodires, Sirenoids and Ctenodipterines. 
The posterior flangelike projections on either side, called by Newberry 
** condyloid prominences," correspond to the semicircular ridges just back 
of the quadrate region on the inferior aspect of the skull in Macrope- 
talichthys, and may have served for the attachment of the mandibular sus- 
pensorium. Jaws and dental elements unknown. 

Formation and locality. Columbus and Delaware limestones; Ohio. 
Possibly also in the Onondaga limestone of New York. 

Family coccosxeidar 

Cranial shield consisting of few elements, viz, a median and two external 
occipital plates, in front of which is a single pair of large centrals more or 
less in contact along the median line ; these are in turn preceded by a pair 
of large preorbitals, which are either wholly or partially separated from 
each other by the azygous pineal and rostral (** ethmoid") elements; pos- 
terolateral border of the shield formed by the marginals and postorbitals. 
Orbits not completely inclosed within the shield, bounded inferiorly by a 
single suborbital plate, behind which occur one or two opercular elements. 
Upper dentition consisting of a pair each of vomerine and palato-pterygoid 
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elements (commonly interpreted, however, as ** premaxillaries " and ** max- 
illaries"), the latter with trenchant functional margin, often serrated or 
denticulated. Lower dental plate, when ossified, intimately fused with the 
forward portion of the mandible, turned in upright position with sharp cut- 
ting edge, often serrated or denticulated like the upper. Symphysial 
margin also sometimes denticulated. 

The structure of the typical genus, Coccosteus, is so well known from 
the classic researches of Pander, Traquair and later writers, that further 
description of it here would be superfluous. It furnishes a most valuable 
standard of comparison for referring the detached plates of other Arthro- 
dires to their proper position, and for correlating the numerous minor 
variations observed in different members of the group. Interest centers in 
it also from the fact that this is commonly looked upon as the progenitor 
of later, much larger, and more highly specialized genera, occurring chiefly 
in this country, the best known examples of which are Dinichthys and 
Titanichthys. Owing to their intimate relations to Coccosteus, these two 
genera are retained in the same family with it. We have already had occa- 
sion to note the close structural agreement between Coccosteids and existing 
Dipnoans, more particularly as regards their dentition and cranial osteology, 
hence we need not dwell upon these points further in this connection. 

No traces of axial segmentation have been observed in any member of 
this family, nor are there ossified ribs, Jaekel's representation to the con- 
trary notwithstanding.' There is one dorsal fin, the tail tapers gradually 
and to all appearances was diphycercal, but definite information concerning 
the caudal and anal is still lacking. Traces of pelvic fins occur, and a pair 
of short deep plates lying immediately in front of the ventral armor in 
Coccosteus has been interpreted as representing the pectoral arch. Never- 
theless, positive evidence of the existence of pectoral fins has not as yet 
been forthcoming, and the so called pectoral spine or ** Ruderorgan " in 
Coccosteus and Brachydirus is possibly the ecjuivalent of the fixed spinous 

« Jaekel, O, Ueber Coccosteus und die Hourtheilung der Placodermen. Sitziingsber. 
Gcs. Naturf. Freunde. 1902. p. 107, restoration. 
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process in Phlyctaenaspis, Acanthaspis etc. At the same time it is worthy 
of remark that both in form and position it is not wholly dissimilar to the 
rodlike operculum inferius, as FUrbringer calls it, of Neoceratodus. This 
author's observation that the two opercularia of the recent form are some- 
times fused into a single piece acquires significance on recollecting that 
only a single opercular element is known to occur in most Arthrodires.' 
Jaekel is the only author who has reported the occurrence in Coccosteus of 
two opercula, this being the normal number amongst Dipnoans, as already 
stated. 

Genus coccostkus Agassi z 

Of the four American species that have been referred to this genus, 
only one, C. canadensis Woodward, is satisfactorily known, the others 
being represented by detached plates exclusive of the head shield. To C. 
occidentalis, described in the first instance by Newberry from the 
Corniferous limestone of Ohio, are possibly to be referred a few isolated 
fragments occurring in the New York Mesodevonic, and it has been further 
surmised by the original author that the dental plates known as Liognathus 
spatulatus belong to the same species. In plate 9, figure 3, the dorso- 
median plate of the type specimen is refigured to show the continuation of 
sensory canals over part of its surface, their presence having escaped New- 
berry's attention. No figures have been published of the form described 
by Cope from the Chemung of Leroy, Pennsylvania, under the name of C. 
macromus, but it is said to be distinguished from C. occidentalis 
by its coarser tuberculation. 

In plate i, figure 9, is shown a dorsomedian plate of a small Coccostean 
fish from the Onondaga limestone of Clifton Springs, N. Y., the original of 
which is preserved in the State Museum at Albany [cat. no. 181 |. A small 
portion of the bone substance is preserved intact on the right-hand side, 
and shows a coarsely tuberculated ornament. The remainder of the plate 
is broken away, leaving an impression of the under surface. There is also 
visible a strong longitudinal keel which extends along the median line, but 

« FUrbringer, K. Beitrage zur Morphologic des Skeletes der Dipiioer etc. Semon's 
Zool. Forschungsreisen in Australien. Jena Denkschr. 1904. 4: 493. 
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terminates abruptly at some distance in advance of the posterior margin. 
The latter is continued backward in triangular fashion, but is not produced 
into a long spine as in C. occ i d e n tal is. This unique specimen, which 
probably belongs to a distinct species, is interesting in view of the horizon 
from which it was obtained, and on account of the great rarity of Coccosteus 
remains in this country. It seems inadvisable to propose a new specific 
title for it, however, until other parts of the skeleton are known. 




Fi^. as Coccosteus decipiens Agasstz. Lower Old Ked sandstone ; Scotland. Lateral aspect, restored by Dr A. S. 
Woodward, partly after Traquair. x '4. The caudal fin is here conjecturally restored as heterocercal, but more probably it 
was diphycercal. 

Coccosteus macromus Cope 

1892 Coccosteus macromus E. D, Cope. Am. Soc. Phil. Proc. 30: 225 

Of this species no other examples are known except those obtained by 

Professor Cope, whose original description follows : 

Fragments of this species are abundant in the Chemung rocks at Leroy 
[Pa.], and I select as typical of it a pair of supraclavicular and adjacent 
pieces, which display its characters best. The supraclavicle has lost the 
condylar articulation. Both extremities display the unsculptured surface, 
and the usual groove extends obliquely across the sculptured portion at 
about two fifths the length from one of the extremities. The sculpture con- 
sists of obtuse tubercles with delicate radiate-grooved bases, which are usu- 
ally separated by spaces equal to their own diameters, sometimes by 
narrower spaces, but never by spaces which are wider. At some points 
they have a linear arrangement. This sculpture is coarser than in the C. 
americanus \i, c, C. occidentalis] Newberry \see The Palaeozoic 
Fishes of North America, by this author], but resembles that of C. decip- 
iens Agass. of Scotland. From this species the C. macromus differs 
in the elongate form of the supraclavicle which is relatively short and wide 
in the C. decipiens \scc Agassiz, in the Poissons du Vieux Grfes Rouge, 
and Zittel, Handbuch der Palaontologie]. 

Length of supraclavicle .... - 35mm 

Width just above condyle - - - • - 16 " 

Formation and locility. Chemung beds (Chautauquan) ; Leroy, Fa. 
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Genus acanthaspis Newberry 

An imperfectly definable genus of Coccostean fishes, known only by 
detached plates resembling the antero-ventrolaterals of Phlyctaenaspis. 

Acanthaspis armata Newberry 

Plate a, fi^tire a 

1875 Acanthaspis armatiis J, S. Neivberry, Geol. Siir. O. Rep't. Pal. v. 2, 

Pt 2. p. 37» pl. 53» fig- 1-6 
1889 Acanthaspis a r m a 1 11 s J, S, Newberry, U S. Geol. Siir. Monogr. 16: 36, 

Pl- 31 
1894 Acanthaspis armata R, //. Traquair. Ann. Mag. Nat. Hist. ser. 6, 

14:371 
1896 Acanthaspis armata E. JT, Claypole, Am. Geol. 1 7 : 354 

The spiniferous plates which are known under this provisional designa- 
tion have not been found in natural assemblage with other parts of the 
skeleton of forms accompanying them in the same formation, hence their 
precise relations are indeterminable. Theoretical associations are for the 
most part valueless, except as they rest upon strongest possible presumptive 
evidence ; and in the present case sufficient data for comparison is lacking. 
The superficial ornament somewhat resembles that of Macropetalichthys, but 
according to all appearances that genus was destitute of dermal body armor- 
ing. For the present we are obliged to regard Acanthaspis as a provisional 
genus, whose relations may be assumed to be in the vicinity of Phlyctae- 
naspis, and not, as was supposed by Newberry, with any member of the 
Cephalaspidae. 

None of the plates in question that have thus far come to light seem 
to be preserved in their entirety, but the small specimen shown in plate 2, 
figure 2, is perhaps as complete as any. The lateral spine is always 
immovably attached to its supporting plate by an oblique suture, which is 
more conspicuous in larger examples. The interior of the spinous portion is 
hollow throughout, and along the line of its attachment with the supporting 
plate is sometimes to be seen a double row of perforations which communi- 
cate with the internal cavity of the spine. 
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It is inconceivable that this fixed spinous appendage is any way homolo- 
gous with the jointed pectoral limbs of Asterolepids. Plates not unlike 
those of the present species have been described by Traquair from the 
Lower Devonic of the Eifel district under the name of A. pruemensis. 
The so called A. decipiens of Smith Woodward, from the Lower 
Devonic of Spitzbergen, appears to be of different nature. 

Formation and locality. Onondaga limestone ; Leroy, N. Y., and 
e([uivalent formation of Ohio. 

Genus dinichthys Newberry 

It is difficult to frame a satisfactory diagnosis of this genus which shall 
enumerate its principal characters and at the same time enable one to draw 
a rigid distinction between its various species and those of Coccosteus. 
The fact is, the two genera are most intimately related, and though their 
terminal members are sufficiently well characterized, they are connected by 
insensible gradations. The typical species of Dinichthys represent unques- 
tionably a later and more advanced stage of specialization than that with 
which we are familiar in Coccosteus decipiens, for example ; but 
betwtHMi tliese extremes lies a host of intermediate forms. Evidence of 
spcrialization in forms like D. herzeri, D. terrelli etc. is strikingly 
apparent in thcMr gigantic size, the head shield measuring nearly a meter 
across, anil lluMr massive and cumbersome armor being unrivaled amongst 
lislu*s. As a nec(»ssary accompaniment of increase in size, the cranial plates 
beronu* \\\ovr iiiiimately fused in the adult, the articulations between head 
Hhit*lil and alulonunal armor more complicated, and various minor modifica- 
lions art* to be sww in the dentition and arrangement of the body plates, 
Nt*vt*rthrless, in spile of hypertrophic enlargement of all the parts, there is 
everywIuM't* a surprising conformity to the basal type of Coccosteus. It 
U neressary lo ii^sist upon this close correspondence, which has hitherto 
tJHeaptul aiu*ntiv)n (t>\ving io faulty n^storations and other reasons), and 
poHNibly v\'v\\ now n^iglM be ijuestioned by those who have not actually 
compared iht* ilirtVrtMU parts. 
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Adopting for our thesis the obvious fact that Dinichthys and Cocco- 
steus are constructed upon the same general type, we may now take note of 
such differences as exist between them, other than mere size ; and for 
immediate purpose of comparison it will be convenient to choose D. 
herzeri, D. terrelli and D. i n t e r m e d i u s as representatives of 
the former, and C. decipiens as representative of the latter genus. 
First, as to the abdominal armor. Here we observe a perfect correspond- 
ence throughout, both as to number, arrangement and general form of the 
plates [cf. text fig. 23]. The dorsomedian of Dinichthys is relatively shorter 
than that of Coccosteus, more emarginate in front and rounded behind, and 
its inferior keel is developed into a stout terminal process. There are not 
usually traces of sensory canals upon its external surface. In Coccosteus, 
the anterolateral is bounded in front and below by a distinct plate, the 
interlateral, which forms the connection between the dorsolateral and ventral 
portions of the abdominal armor. In Dinichthys, the interlateral does not 
occur as a distinct plate, but may be represented by the forklike prolonga- 
tion of the so called ** clavicular," the broad upper portion of which cor- 
responds, of course, to the anterolateral. The median ventrals of Cocco- 
steus are always separate ; in Dinichthys they are occasionally fused. 

Secondly, as to the head shield. Again there is notable correspondence 
of plate for plate, and in the arrangement of sensory canals. The bones 
are more intimately fused in Dinichthys than in Coccosteus, and the sutures 
are less wavy. The median occipital is generally pointed in front \c/. text 
fig. 23 1, the pineal plate is lancet-shaped and produced backward so as to 
come in contact with both the centrals and preorbitals, instead of being 
inclosed by the latter alone, and the plates forming the sides of the head 
shield are narrower than in Coccosteus. None of these differences, how- 
ever, can be considered other than of secondary importance, and their aggre- 
gate does not in the least obscure identity of structural plan common to 
both genera. The imaginary plate interpreted by Newberry* with some 



* Newberry J. S. U. S. Geol. Siir. Monogr. 1889. 16:334, pi. 52, fig. 2. 
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hesitation as a "parietal" in Dinichthys does not occur, an examination of 
many well preserved cranial shields by the present writer having determined 




Flu. J3 D in Ich th y« lnt«rnietHu« Newhfrry, Clcvcluml Hhale ; Ohio Restoration of head shield and dorsal armors 
Ing of trunk, X 1*5. .^/>/. — anteroMlorsoluteral ; t' — central; />.!/ • iiorsomcdian ; A7> -•external occipital ; yl/— marginal ; 
^(^••mrdijn occi|iital ; /'—pinrul; /7>/. — p«»itcro-ilorn>laier;»l; /*(>-- preorbital ; /V(> --^postorbital ; ^ — rostral, sometimes 
Identified us *' nakul'* or " mmethmoid.'* Smnory cunaU shown hy double, overlap by single dotted lines. The markings on 
iht outer (lower) border of ihr Uicrul pUteit iiullcMic the extent of the overlap by the clavicular, which is omitted from this 
diagram. (From |{usii.ikof, ivi»5) 

this point conchisivtOy. In both jjiMUTa a sclerotic rinij is present, the sub- 
orbital plat(* is distinct, and folUnvtul behind by one, or possibly two, 
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opercular elements, which have been variously interpreted by different 
writers. 

Finally, and this is the most important test of all, we have to consider 
the dentition. A serious difficulty in the way of correlating the several 
parts, and of understanding accounts of earlier writers, is removed the 
moment we perceive that the suborbital plate has nothing whatever to do 
with the dentition. Its identification in Coccosteus on the part of some 
writers as a ** superior maxillary" is not only erroneous, but misleading, 
since it implies the development of a secondary upper jaw amongst Arthro- 
dires, and a secondary upper jaw does not occur. The suborbital is simply 
a cheek plate, and corresponds to the three nonfused ossicles forming the 
lower border of the orbit in Neoceratodus. The dental elements of both 
jaws are precisely alike in Coccosteus and Dinichthys, as regards number, 
form and arrangement. The whole matter of the dentition can be summed 
up by saying that Coccosteus and Dinichthys exhibit the same close paral- 
lelism with Protopterus and Lepidosiren as is observed between Mylostoma 
and Neoceratodus. Coccosteus and Dinichthys represent a modification of 
Dipnoan dentition adapted for cutting, and closely corresponding modifica- 
tions exist in the modern fauna. Mylostoma and Dinomylostoma adhere 
to the ancestral type of crushing or triturating dentition, which has been 
preserved essentially unchanged until the present day amongst the most 
generalized descendants of the primordial stock. 

It will be seen that the foregoing interpretation is at variance with the 

one recently proposed by Jaekel in his paper of 1902, to which frequent 

reference has been made. The dental plates of Coccosteus are identified 

in that contribution as maxillae and premaxillae, and their arrangement is 

expressed graphically by means of a restoration, concerning which the 

author speaks as follows : 

Ich bemerke dazu, dass ich dieses Bild durch sorgfaltige Praparation 
einer ganzen Anzahl von Kxemplaren erzielt habe, und dass sich dasselbe 
von dem Traquairschen P^ntwurf namentlich unterscheidet durch den 
Nachweis der Maxillen und IVaemaxillen, durch die abweichende Lage der 
Nasen5ffnungen und der untercn Rumpfpanzerelemente, den Nachweis 
des Beckens und den Hinweis auf paarige Extremitaten. 
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When it comes to a consideration of the dental elements in Coccosteus, 

one is somewhat surprised to find that they are compared directly with Lac- 

ertilians, much in the same way as Cope compared Macropetalichthys with 

Stej(oc<!phaIians. The continuation of the above passage reads as follows :' 

IJeber die Bezahnung der Kiefertheile habe ich noch keine voile 
Klarheit, indess scheint mir Folgendes zu rechtfertigen. Die Bezahnungs- 
form scheint durchaus ubereinstimmend mit der von Sphenodon. Von den 
Zahnspitzcn des Unterkiefers diirften mindestens die vordersten dem Den- 
lal<% die hinteren, mehr einwarts gelegenen vielleicht dem Spleniale zuzu- 
n*<:hn<Tn sein. Die Praemaxillen scheinen entsprechend dem Vorderrand 
i\v^ [Jnterkiefers mit je einer Spitze versehen gewesen zu sein. 
|)ii! Maxillen sind kleine schmale mehrzackige Knochenstucke die dem 
Innrnrancl des suborbitalen Astes des beilformigen OberkieferstUckes 
cin^^tfOgt sind. Palatinaund Transversa habe ich noch nicht finden konnen 
v<*nuuthe aber ihre Existenz hinter den genannten Elementen. 

VV<* may now give special consideration to the arrangement of dental 
^'Ii'MWMUs in Dinichthys. In the upper jaw there are always two pairs of 
d^'Utal plates, which are clearly shown to be of dermal origin. It is denied 
liy \)i"i\\\ that these plates, which are commonly known as ** premaxillaries " 
and ** sliear teeth," can be homologized with any structures within the mouth 
of other fishes, hence he proposes to call them by the noncommittal names 
of **rostrc)-gnathals" and **orbito-gnathals" respectively, the term "gnathal" 
lirjng made synonymous with mandible. According to the view adopted 
in ihis report, the anterior pair of upper dental plates in Dinichthys is to be 
inl^rpr<*ted as vomerine, and the posterior as palato-pterygoid, thus recog- 
nizing definite homologies between them and the like named structures — 
whii h are also of dermal origin — in modern Dipnoans. The vomerine pair 
it) hiliiated close to the median line, one on either side of the plate answering 
\\\ part lo the dermal mesethmoid in Neoceratodus, and the tumid basal 
t*xpansion is received into a slight concavity on the visceral surface of the 
jirr'orbilal. The exposed, or functional portion of the vomerine teeth is 
tlrft so ;is to form two vertical prongs or ** beaks" of unequal length, the 

* llcIxT ('()<'<'()stcus uiul die Beurtheilung der Placoderinen. Sitzungsber. Ges. 
Naliirlorsc h. Freundc. 1902. p. 106. 
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shorter of which is inwardly placed and is scarcely separated from its fellow 
of the opposite side. 

At least one Dinichthyid individual is known in which the vomerine 
pair is solidly fused with the supporting bones of the head shield The 
specimen referred to forms part of the collection of Ohio fishes brought 
together by Dr William Clark and eventually acquired by the British 
Museum of Natural History. It is catalogued under the number P. 9490, 
and in the opinion of Dr A. S. Woodward, keeper of the Geological Depart- 
ment, properly belongs to the genus we are now considering. Another 
interesting specimen having the upper and lower dental elements preserved 
in situ, is preserved in the same collection under the catalogue number 
•p. 9340. By means of this and similarly preserved material, and also by 
examining the marks of w^ear in upper and lower dental plates, one may 
readily determine the manner in which the dental parts came together when 
the mouth was closed. The vomerine teeth are seen to have protruded just 
a trifle in advance of the mandibular beaks, which closed within the angle 
formed by the prongs of the opposing elements. A few plates of Dinich- 
thyid armor are also known, which have been bitten by creatures of their 
own kind in such wise as to leave the impress of teeth ; and these markings 
confirm in an unexpected way the observations we have just made concern- 
ing the arrangement of jaw parts, besides affording indications of the dis- 
tance apart of the symphysial beaks. The best illustration that has been 
offered of the manner in which the upper and lower dentition came together 
in front will be found in the frontispiece of Dr Bashford Dean's work on 
Fishes\ Living and Fossil. Some novel suggestions concerning the inter- 
play of the jaw parts, which are assumed to have been freely mobile, are 
contained in Dr L. Hussakofs Studies on the Arthrodira, published in 
volume IX of the Memoirs of the American Museum of Natural History, 
1906. 

The vomerine teeth are succeeded almost immediately behind by the 
cleaverlike palato-pterygoid plates, called by Dean '*orbitc-gnathals," but 
commonly known as ** shear teeth," in allusion to their mode of working 
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against the trenchant margin of the lower dental plates like the blade of a 
pair of shears. The manner of their operation remains the same even in 
those species where the opposing margins are denticulated, a condition 
which is regarded as more primitive than that with simply sharpened, or 
beveled edges. Traces of an original denticulation, which once extended 
along the entire functional margin, are often observed in the form of 
tubercles, or denticles, whose position is confined in specialized species to 
the extreme posterior margin of the tooth. It is to be noted that this 
posterior margin is usually narrower and more rounded than the anterior. 
Slightly in advance of the middle portion of the tooth, along its superior 
margin, there is given off from this upper margin a well marked, inwardly 
curved ascending process or ** shoulder," which corresponds without question 
to the similarly placed process of Ceratodont dental plates. Notwithstand- 
ing the large size and evidently great efficiency of the shear teeth, they do 
not appear to have been rigidly attached to the head shield, but rather to 
have been held in place by cartilage against the prominent inferior ridge 
which extends forwards as far as the orbital region from the posterolateral 
angles, in a direction parallel with the sides of the head shield. Precisely 
similar conditions are observed in Neoceratodus, where the ridges referred 
to serve as a support for the upper dental plates, and relieve the strain 
imposed by the action of the jaws in mastication. It is interesting to note 
that these ridges along the underside of the head shield in Dinichthys 
acquire greater solidity in proportion as the dental plates become more 
massive and powerful. 

Finally, attention may be directed to the lower dental plates strictly 
speaking, the term of ** dental plate" being properly limited to the func- 
tional, anterior portion of the mandibular arch, with which element it is 
fused. The relations between the lower dental plate and the supporting 
ossification, or i plenial, and the manner in which it is supposed to have 
b(!Com<! rotat(Hl so as to stand upright in the jaws, are matters that have 
b<!rn sufficiently <»xplained in the general account of Arthrodires \c/. supra^ 
p. 96 1. In almost all species of Dinichthys, the anterior extremity of 
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the mandible is developed into a powerful cutting beak, usually much 
facetted by wear. The marks of contact with the opposing pair of vomerine 
elements were attentively examined by Newberry, who concluded that they 
closed together in the following manner: **The incisorlike teeth of the pre- 
maxillaries interlock with and shut over the projecting points of the turned 
up mandibles, which are received into their concavities." Again, in describ- 
ing these elements in D. te r rel 1 i, he observes: **The inner [—poste- 
rior] side is concave and frequently much worn and excavated by the promi- 
nent extremity of the mandible, over which it shuts." * 

Some distance behind the symphysial beak, the functional margin of 
the lower dental plate rises again into a prominent projection, shorter, how- 
ever, and less massive than the first, and appearing on the inner aspect as 
a distinct riblike swelling, nearly vertical, and evidently in the nature of a 
rudimentary tooth. F^rom this point backward along the functional margin, 
the lower dental plate is compressed into a thin edge, beveled somewhat on 
the outer face by contact against the opposing element of the upper jaw. 
In the majority of species, the margins of both upper and lower dental 
plates are smooth and bladelike ; but a few, including the type, have them 
denticulated as in Coccosteus. Vestigial remnants of a primitive Cerato- 
dontlike denticulation occur in the lower dental plates along the abrupt 
downward slope of their posterior margin ; that is to say, in a position cor- 
responding to that in which they are seen in the upper. 

The line of fusion between the lower dental plate, in the strict sense of 
the term, and the supporting ossification, which we take to be the splenial, 
is marked externally by a prominent constriction, starting from a point 
slightly behind the functional margin, and extending in a curved line down- 
ward and forward until reaching the bottom point of the anterior or sym- 
physial margin. Seen from the external aspect, the lower dental plate thus 
appears to be set off from the slender, elongate shaft of bone which we iden- 
tify as splenial, by means of a conspicuous shoulder, underneath which 
there runs a groove for the lodgment of portions of the Meckel ian cartilage. 

■ Newberry, J. S. Ohio Cieol. Sur. Kep't. Tal. 1875. v. 2, pt 2, p. 5, 29. 
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The correctness of our interpretation of the groove in question is clearly 

established through comparison with Protopterus and Lepidosiren.' Only 

in one respect is there a marked distinction between the mandibles of 

Dinichthys and those of Coccosteus; no species of the former genus are 

known to have denticulations along the symphysial margin. On the other 

hand, a series of tubercles is sometimes present along the outer face of the 

vomerine teeth in Dinichthys, and this fact suggests the probability of 

tubercles or denticles having been present in the lower dental plates as well, 

at an earlier period in the history of these forms. The differences between 

Dinichthys and Titanichthys will be considered in the discussion of the 

latter genus. 

Dinichthys halmodeus (Clarke) 

Plate a, figure 7 ; plate to, figure i ; text figure 24 

1894 Coccosteus (?) halmodeus J, M, Clarke. N. Y. State Geol. Rep't 1893, 

i: 162, pi. I 
1900 Dinichthys halmodeus C. R. Eastman. Jour. Geol. 8: 34 

1906 Dinichthys halmodeus L. Hussakof, Am. Mus. Nat. Hist. Mem. 9, 
p. 140, text fig. 22C, 24^. 

A primitive species of small size, the head shield having a total length 
of about 1 1 cm, and very similar to Coccosteus in the configuration of 
plates, arrangement of sensory canals, and character of the superficial 
ornamentation. The suture lines, however, are less undulating than in 
Coccosteus, the articulation with the abdominal armor is much stronger, 
Uwt pineal is partly in contact with the centrals, and the dentition is char- 
i^iU^rifiticaily Dinichthyid, with strongly developed vomerine teeth. The 
'M\U*t\i)t margin of the lower dental plates is developed into a prominent 
l//'ak, and the superior or functional margin is strongly denticulated ; the 
j;i>!>l^rior «!Xtrcmity of the splenial is broad and spatulate. The suborbitals 
;>i'i' unuHiiaily wide and massive, and the rostral seems to have been laterally 
i^y^\^'/i\\t\^*i\ in front. The dorsomedian bears the usual inferior keel, its 



* Wii''l«'r«ht*iin, R. Morphologische Studien, Heft i, p. 55, pi. 2, fig. 3, 8. Jena. 
^tk^) I'OibringiT, K. /y>. cit. p. 481, pi. 39, fig. 28; Bridge, T. W. Morphology of the Skull 
\h ^A'</^/^/l^irrn, /ool. .Soc. Trans. 1898. 14-342, pi. 28, fig. 7, 8. 
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terminal process being given off at a slight distance in advance of the 
posterior margin. 

In the minute and in most respects very accurate description given of 




Fig. 24 Dinichthyi h a I m o d e u s ^Clarke). Krian; Livonia Salt Shaft, N. Y, Restoration of 
head shield and dorsal armoring of trunk, x %. /f /^/. -^antero-dorsolaterai ; C>^central ; i?J/— dorso- 
median ; J?C^— external occipital ; ^1f-«-marginal ; J/(>-=inedian occipital ; /'—pineal ; /*/>/,— postero- 
dorsolateral ; ^—rostral ; 6Y>— suborbital 

the type specimen by the original author, it is clearly stated that the denti- 
tion presents **an aspect highly similar" to that of Dinichthys, comparisons 
being made between the present species and D. h e r z e r i, which also has 
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the functional margin denticulated. The observation is of sufficient weight, 
in our opinion, to justify the transfer of this species from Coccosteus, where 
it was doubtfully placed by Dr Clarke, to Dinichthys. Of special signifi- 
cance from a systematic standpoint are the vomerine teeth, which are 
described as follows by the same author : ** Each is concave on the inner 
surface, convex externally, and bore a somewhat extended apophysis, which 
in each case has been broken off. There is no evidence of denticles or a 
tuberculated surface ; the lower edge is, however, rather sharp and would 
have served a cutting purpose." Amongst other minor peculiarities of 
the head shield may be mentioned the subquadrate outline of the median 
occipital, and the strong outward flexure of the preorbital sensory canals — 
characters which one may regard as of specific importance. 

Associated with the head shield, and possibly belonging to the same 
individual, certainly to the same species, is a specimen interpreted by Dr 
Clarke with some reservation as a dorsomedian plate, and considered by 
him to be divided by sutures into three parts. In the explanations of plates, 
however, it is conceded that ** the surface shows no satisfactory evidence of 
sutures," and after a careful inspection of the original, the present writer is 
convinced that the plate is normal in all respects, except that the external 
surface has been somewhat injured. That others may judge of the char- 
acters of this plate, an illustration is given of it in plate 2, figure 7. It 
has a total length of 9 cm, and apparently did not exceed 2 mm in thick- 
ness ; the carinal process has been broken away. The locality from which 
both of these interesting specimens were obtained was the Livonia salt 
shaft, in Livingston county. New York, at a depth of 828 feet below the 
surface. They are preserved in the New York State Museum at Albany. 

Another interesting cranial fragment belonging to the same museum, 
and from the same horizon as the preceding, is shown in plate 10, 
figure I. In size, it indicates an individual about one third larger than the 
type of D. h a 1 m o d e u s, and the tuberculation is relatively coarser, but 
the form of the median occipital element agrees so closely with that of the 
latter species, it is difficult to regard this as other than an adult example; 
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besides, it is a well ascertained fact that the tubercles increase in size with 
age. The median occipital has an extreme length of 5.5 cm, and thickness 
of about 3 mm. The specimen is labeled as having been found ** Sept. 9, 
1851, in the Goniatite limestone' at Hendrick's ledge, west of Manlius, 
N. Y." There is no catalogue number. 

Formation and locality. Marcellus division (Erian) ; New York. 

Dinichthys lincolni Claypole 

Plate 7, figures 4-6 

1893 Dinichthys lincolni It. JT. C/aj'/>o/e. Am. Geol. 12: 277, text fig. p. 276 
1906 Dinichthys lincolni Z. JIussakof, Am. Mus. Nat. Hist. Mem. 9, p. 117, 
142 

Known only by a single right vomerine tooth of about the size of the 
corresponding element in D. intermedins Newberry, and very similar 
to it in general form. The external surface, however, not only along the 
symphysial margin, but also over nearly all of the exposed portion, is cov- 
ered with enlarged conical tubercles, or even denticles, which are arranged 
in more or less regular vertical series. The externolateral process which 
serves for the attachment of the tooth to the preorbital, is well developed, 
but distally somewhat compressed. 

The unique tooth upon which this species is founded possesses a num- 
ber of interesting features. In the first place, as already noted by Claypole, 
it is singular in having the entire outer face strongly tuberculated ; and it is 
noteworthy that the tubercles are most conspicuously developed, so that 
they become in fact denticles, along the inner or symphysial margin, thus 
placing the species in close relation with D. h e r z e r i. The dermal origin 
of the different dental plates in Arthrodires could not be more distinctly 
indicated than by these vestigial remnants of Uronemuslike tuberculation. 

Another point worthy of attention relates to the marks of contact with 
the lower dental plates, such as are plainly visible on the inner or poste- 
rior face of the tooth. It is evident that the larger and outer (ectad) prong 
has been considerably worn down by use, and its lower extremity blunted ; 

*The Agoniatite limestone, wliich in the section referred to lies between the Marcellus 
and Cardiff shales. 
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but on examining its inner aspect, and also that of the secondary (entad) 
prong, one may determine the exact position occupied by the anterior beak 
of the mandible when the jaws were closed. Furthermore, the beveling of 
the inner edge is so regular, and there is such close conformity of all the 
parts, that it appears practically certain that the teeth were held rigidly in 
place against the head shield, and incapable of motion either forwardly or 
laterally. Bashford Dean, however, has expressed the opinion that not only 
each of the mandibular rami, or **gnathals " as they are termed by him, but 
the various parts of the upper dentition as well, were capable of a consider- 
able amount of independent motion. At the same time he acknowledges 
that these conditions are absolutely unparalleled amongst chordates. In 
cases like this, the improbable is always to be distrusted. Finally it is to be 
noted that a portion of the tooth is somewhat deformed — whether as the 
result of accident during life of the creature, or through pressure during 
the process of fossilization, it is difficult to say — but whatever the cause, it 
did not operate so as to crush the more slender prong, or rend it asunder. 
Formation and locality. ** The specimen was found in the Marcellus 
shale at the foot of Slate Rock fall, near Geneva, Ontario co., N. Y., 25 
feet below the basal limestone of the Hamilton group, in October, 1890." 
The original is now preserved in the New York State Museum at Albany, 

and bears the catalogue number . 

Dinichthys pustulosus Eastman 

Plate a« figure 6; plate 5, figure a, 3: plate 12, text figure 25 

1897 Dinichthys pustulosus C. R. Eastman. Mus. Comp. Zool. Bui. 31 : 38, 

pl. 3. fig- 4 

1898 Dinichthys pustulosus C, R, Easttnan. Am. Nat. 32: 748, text fig. i, 2 

1900 Dinichthys pustulosus C. R, Easitnan, Jour. Geol. 8: 32, text fig. i 

1901 Dinichthys pustulosus B. Dean, N. Y. Acad. Sci. Mem. 2: 122 

1902 Dinichthys pustulosus O, //. Si John, Am. Nat. 36: 657, text fig. i, 2 
1906 Dinichthys pustulosus L, Hussakof, Am. Mus. Nat. Hist. Mem. 9; 

p. 142, text fig. 22D 

A primitive species somewhat smaller than D. t e r r e 11 i, generally of 
about the size of D. i n te r m ed i u s, and distinguished from both by its 
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fine tuberculation, wavy suture lines, and more Coccosteuslike aspect. 
Lower dental plates with a simple trenchant margin, behind which there is 
an abrupt downward slope beset with rudimentary denticles. Shear teeth 
with convex functional margin, simply trenchant, and without posterior 
denticles so far as known. Vomerine teeth resembling those of D. inter- 
medins. Visceral surface of occipital region without prominent ridges, 
the posterior pit of the median occipital scarcely divided. Pineal plate 
apparently in contact with centrals, and with inconspicuous foramen. 

Of this species, which appears to have been rather abundant and widely 
distributed in the Mesodevonic of this country, nearly the entire dermal 
armor is known, and the whole of the dentition. Amongst the primitive 
characteristics of the form in question may be reckoned its fine, Coccosteus- 
like tuberculation, sinuous suture lines, remnants of an original denticulation 
along the sloping posterior margin of the lower dental plates, and the com- 
paratively slight development in the latter of a toothlike projection at no 
great distance behind the symphysial beaks. At the same time, however, 
it must be acknowledged that this species marks a considerable advance 
over typical Coccosteuslike conditions, inasmuch as the functional margin 
of the dental plates is no longer serrated, the dorsomedian plate has 
a strongly developed inferior carina and posterior process, being also 
emarginate in front, and a clavicular occurs of the usual Dinichthyid type. 

The occurrence of I), pustulosus in the Black slate of Kentucky, 
a horizon corresponding approximately to the Genesee of New York State, 
favers the supposition that it was the immediate progenitor of forms like 
D. intermedins and D. t e r r e 1 1 i of the Cleveland shale, which have 
retained a similar form of dentition. According to this view, D. herzeri 
and other species in which the functional margin of the dental plates is 
denticulated, form a separate series, descended along collateral lines from 
Coccosteus, and characterized by the persistence of this distinctly Cocco- 
steuslike feature. We should therefore be inclined to look upon D. hal- 
modeus as standing in the same ancestral relations to the type species of 
this genus as does D. pustulosus to D. terrelli. It is noteworthy 
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that D. pustulosus does not occur in the rocks of New York State, 
nor, so far as known, in any district eastward of Kentucky, until very late Jn 
the Devonic (Oneonta beds); whereas in the Mississippi valley region 
it is tolerably abundant throughout the Mesodevonic. Its advent, then, in 
the Hamilton limestone of the central western states, is probably to be 
explained through immigration by way of Manitoba and Canada from 
Europe. 

The arrangement of dermal plates in the head shield of this species is 
shown in the accompanying text figure 25, and adjoining it is placed, for 




MKrior median p1>« 

sake of comparison, one showing the cranial roof of Neoceratodus. Making 
proper allowance for the fact that the preorbital plates remain cartilaginous 
in the recent form, and that the anterior median element ("dermal meseth- 
moid") is undivided, as it is also in Macropetalichthys, the correspondence 
in pattern will be sufficiently obvious. The significance of these resem- 
blances can hardly fail to be appreciated, after attention has once been fixed 
upon them, and they are considered in connection with other points of 
agreement throughout the entire skeleton. We need not dwell upon these 
matters further here than to say that all available evidence goes to show 
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that the Arthrodiran skull was constructed upon essentially the same model 
as in Neoceratodus; and the latter, accordingly, furnishes a most valuable 
criterion for interpreting structural details of the former. 

Formation and locality. The remains of this species occur abundantly 
in the Hydraulic limestone of Milwaukee, Wis., and are not uncommon in 
the Mesodevonic limestone of Iowa and Illinois. Characteristic fragments 
have been found in the Rlack slate ( — New Albany, equivalent to the 
Genesee) near Lexington, Ky. ; and portions of the dentition, including 
more than one well preserved mandible, have been obtained from the 
Oneonta beds (Senecan) near Delphi and Oxford, N. Y. 

Dinichthys newberryi Clarke 

Plile6, AgLire i 

1885 Dinichthys newberryi /. M. Clarit. U. S. Geol. Sur. Bui. 16, p. 17, 
pl. I, fig- I 

1889 Dinichthys newberryi J.S.Newberry. U. S. Ceol. Sur. Monogr. 16: 153 

1897 Dinichthys newberryi C. R. Eastman. Mus. Comp. Zool. Bui. 31:30, 
pl. I, fig 2 

1906 Dinichthys nev/herr y'\ L. Hussakof. Am. Mus. Nat. Hist. Mem. 9, p. 145 

Mandibles attaining a total length of 28*^ cm in the type specimen, 
with very prominent anterior beak, simple trenchant margin, and closely 
resembling that of D. pustulosus in general outline. There are, how- 
ever, no denticulations or tubercles along the downward slope immediately 
behind the cutting margin, and the other plates associated with the type 
specimen have a smooth external surface. 

A single dorsomedian plate from the same horizon as the type, and 
considered by Dr Clarke to be specifically identical with it, is thus described 
by him: 

In the same Styliola layer as it outcrops on the east side of Canan- 
daigua lake, near Genundewah, 6 miles from the Bristol locality. I had 
earlier discovered a dorsomedian plate belonging presumably to the same 
species. Its dimensions are as follows: length, \2)4 cm (broken); width 
anteriorly, 13^ cm ; hight of carinal process, 5 cm. . . . The posterior edge 
of this plate in D. newberryi is broken and has apparently lost 3 or 4 
cm from its length. The smallness of the bones of D. newberryi does 
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not indicate immature growth of an individual of either of the other species 
(i. e. D. terrelli or D. herzeri). The discovery in outcrops of the 
same horizon, in localities separated by a distance of several miles, of bones 
of different individuals, all of which seem to agree with one another in their 
relative proportions, is at least presumptive evidence that these individuals 
had attained maturity and that the size of the bones given above is that of 
normal full growth. 

The entire ventral armor of a small Dinichthyid, doubtfully referred to 
this species, and also a pair of mandibles preserved on a single slab, were 
obtained some years ago by Mr F. K. Mixer from the Black Portage (Rhine- 
street) shale at Sturgeon Point, on the shore of Lake Erie near Buffalo. 
The originals, which have been already described by the present writer, are 
now preserved in the collection of the Buffalo Society of Natural Sciences. 

Formation and locality. Typically from the Styliola layer (Genundewa 

limestone) of the Genesee shale (Senecan) ; vicinity of Bristol Center and 

Canandaigua lake. New York. Possibly also from the Portage beds near 

Buffalo, New York. 

Dinichthys ringuebergi Newberry 

1884 Dinichthys minor E, N. S. Ringueberg (errorc). Am. Jour. Sci. [3], 

27: 476, text fig. I, 2 
1889 Dinichthys ringuebergi J. S. Newberry. U. S. Geol. Sur. Monogr. 

16: 60 
1897 Dinichthys ringuebergi C. R, Eastman, Mus. Comp. Zool. Bui. 31:40 

An imperfectly definable species, founded upon a detached dorsome- 
dian plate having a total length of 16 cm, exclusive of the well developed 
carinal process. The external surface is described as having a ** fine grained 
rugose appearance ''[— finely tuberculate?] and the anterior border is less 
emarginate than in most species. The type specimen is preserved in the 
private collection of its first describer, Mr E. N. S. Ringueberg, of Lock- 
port, N. Y. A second specimen, presumably of identical nature with the 
type, and from the same horizon and locality, was obtained by Mr F. K. 
Mixer a few years ago, and is now preserved in the collection of the Buffalo 
Society of Natural Sciences. 

Formation and locality. Black Portage (Rhinestreet) shale ; Sturgeon 
Point, near Buffalo, N. Y. 
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Dinichthys dolichocephalus sp. nov. 

Plate 5, figure t 

The remains which we propose to describe under this title leave much 
to be desired in the way of preservation, hence it is impossible to gain more 
than a superficial idea of the peculiarities presented by the new form. 
Inasmuch, however, as a number of plates, including the head shield and 
mandibles, are here found in natural association, and as we have evidently 
to deal with a form partaking of the characters of both Dinichthys and 
Coccosteus, some notice of the material seems desirable. Taken in connec- 
tion with D. h a 1 m o d e u s, from the Marcellus stage, the present species 
will at least serve to emphasize two facts with which paleichthyologists 
seem to be unfamiliar. The first of these is that to which we have already 
called attention, namely, as to the close relations between Dinichthys and 
Coccosteus ; and the second is that, little by little, we are becoming cogni- 
zant of a surprising variety of Coccosteuslike forms in the Middle and 
Upper Devonic, by means of which it may in time be possible to trace the 
successive stages of evolution leading up from primitive Arthrodires to the 
gigantic creatures which constitute one of the most remarkable features of 
late Devonic fish life. 

Naturally one turns first of all to the dentition to determine whether 
the characters approach those of Dinichthys or Coccosteus, and after that 
one considers the cranial pattern, sensory canals, and arrangement of body 
plates. On the evidence furnished by the mandibles, which are the only 
portions of the dentition preserved, one is led to decide unreservedly in 
favor of an association with Dinichthys ; on the evidence of the head shield, 
and all of the body plates excepting the clavicular, the decision would be in 
favor of Coccosteus. We are obliged, therefore, to recognize the transi- 
tional nature of the species here represented, and as insufficient characters 
are offered for the erection of a new genus, it may be provisionally assigned 
to Dinichthys. 

The mandibular rami are unusually long and slender, their total length 
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being 4.6 cm, and the anterior beak is separated by a considerable inter\'al 
from the serrated functional margin. The latter terminates posteriorly in a 
sharp declivity, and this portion of the dental plate is differentiated after 
the usual manner in Dinichthys. At least eight fine serrations are to be 
counted along the oral border, quite uniformly spaced. 

The head shield is chiefly remarkable for its relative length as com- 
pared with the abdominal armor, and for its extreme narrowness anteriorly. 
The possibility is not excluded, however, that the sinus back of the orbits, 
although symmetrically developed on both sides in the present condition of 
the specimen, may be due in part to accidental preser\'ation ; but if normal, 
a resemblance is to be noted to the configuration of the head shield in 
Titanichthys brevis, as represented in Claypole's restoration of the 
latter form.* The suture lines are less undulating than those of Coccosteus, 
the agreement being rather with Dinichthys in this respect. The rostral 
plate has become dislocated from attachment with the head shield, but is 
preserved intact on another portion of the slab (between the right antero- 
dorsolateral and mandible). Its outline is represented by dotted lines in 
the figure, as if it were replaced in natural position, but it is impossible to 
assign definite limits to the pineal and contiguous plates. The median 
occipital develops a small process in the median line posteriorly, as in some 
species of Dinichthys. The dorsomedian plate is decidedly Coccosteuslike, 
and but little emarginate in front, a character which it shares in common 
with D. halmodeus. The antcro-dorsolaterals have strong articular 
condyles, and much extended anterior margins. The postero-dorsolaterals 
are slender, triangular plates, not unlike those of Dinichthys. A pair of 
imperfectly preserved bones, which may possibly be the claviculars, occur to 
one side of the last mentioned plates ; whatever their true nature, they have 
at least a form not unlike the clavicular of Titanichthys. The ventrome- 
dian is narrow and elongate, the postero-ventrolaterals very similar to those 
of Coccosteus. 

In order to provide data which shall serve for a comparison of parts 

'Am. Geol. 1896. v. 17, pi. 10. 
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known under this name and the so called D. precursor Newberry, from 
the Corniferous limestone of Ohio. The typical locality for D. tubercu- 
latus is in the Chemung conglomerate of Warren, Pa., but according to 
Newberry, the same form occurs also in the Upper Devonic of Belgium. 

Formation and locality. Chemung beds (Chautauquan) ; Warren, Pa. 
Also, according to Newberry, in the Psammites de Condroz, near Li^ge, 
Belgium. Either this or a very similar species is also represented in the 
Middle and Upper Devonic of Ohio, Wisconsin and Iowa. 

Dinichthys curtus Newberry 

1888 Dinichthys curtus J. S. Newberry. N. Y. Acad. Sci. Trans. 7: 179 

1889 Dinichthys c u r t u s y. S, Ntivberry, U. S. Geol. Sur. Monogr. 16: 156, 
])1. 48, fig. 3 ; pi. 53, fig. 1-4 

1893 Dinichthys curtus E, \V. Claypolc, O. Geol. Sur. Rep't, 7: 606 
1893 Dinichthys c u r t u s .^. ^. Wright, O. Geol. Sur. Rep't, 7: 623 
1900 Dinichthys c u rt u s C. R. Eastman. Jour. Geol. 8: 33 

1905 Dinichthys curtus L. Hussakof, Am. Mus. Nat. Hist. Bui. 21 : 409, pi. 15, 
fig. i; pi. 16 

1906 Dinichthys curtus L. Hussakof. Am. Mus. Nat. Hist. Mem. 9; p. 112, 
text fig. 5, pi. 12 

Newberry's description of this species is as follows : 

Fishes of moderate or small size ; head a nearly equilateral triangle, 
measuring about a foot on a side; cranium, maxillary and mandible similar 
in character to those of Dinichthys intermedius, but only half to 
two thirds as large, and the mandible bears two subordinate prominences 
back of the turned up toothlike extremity ; also the posterior end of the 
cutting edge is set with two or three unequal denticles in place of the series 
of even, lancetlike points in the same position on the mandible of D. 
intermedius. The anterior ventrolateral plate is scimiter-shaped, 8 
inches long by 2^ inches wide, being relatively narrower than the corre- 
sponding bone in any other species known. 

Occurring typically in the Cleveland shale of Ohio, this species is also 

reported by Newberry from the Chemung of Pennsylvania, although no 

precise indications as to locality are given. Investigation shows that 

detached plates of a species fully as large as D. curtus, possibly even 

larger, occur in the Chemung of Warren county, Pennsylvania, but the pres- 
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ent writer is unacquainted with any evidence which will enable one to state 
positively that the species is identical with any of the Ohio forms. It is to 
be hoped that more characteristic remains from the eastern region may yet 
be brought to light. Quite recently the Ohio material has been subjected 
to a renewed examination by Mr L. Hussakof, of the American Museum at 
New York, who gives a restoration of the ventral armoring [1905, p. 412], 
and discusses the arrangement of jaw parts (1906, p. 112). 

Formation and locality. Cleveland shale (Upper Devonic) ; Ohio. 
Presumably also in the Chemung of Pennsylvania. 

Dinichthys sp. ind. 

Amongst the series of fish remains collected by Professor Charles S. 
Prosser from the Chemung of Delaware county, New York, and from the 
Catskill beds near Palenville, occur fragments of small Dinichthyids 
agreeing in size with the plates of D. t u be re u 1 a t u s, but too poorly 
preserved for satisfactory determination. Figures are given of two of these 
plates in an appendix to Professor Prosser's paper on the ** Hamilton and 
Chemung Series of Central and Eastern New York," published in the lyth 
Annual Rcpoi't of the Neio York State Geologist for the year 1897. In 
addition, there is preserved in the State Museum at Albany one very perfect 
example of the postero-dorsolateral plate belonging to an unknown species 
of Dinichthys, from the Chemung of Franklin, in Delaware county. It has 
a total length of about 30 cm, is finely tuberculated, and shows impressions 
of sensory canals on the external surface \see pi 6, fig. i]. The same 
museum also possesses an imperfect head shield, preserved so as to show 
the visceral aspect, of a small Dinichthyid from the Oneonta sandstone 
of Oxford, N. Y., its general appearance being suggestive of D. pustu- 
1 o s u s, but having a width of only 9 cm across the posterior border. 
Other obscure fragments are known from the lower Genesee of Eighteen 
Mile creek, near Buffalo, and from Hamilton rocks at Haight's Quarry, 
Cazenovia, N. Y. The Black slate of Kentucky, a horizon just above the 
Hamilton, also yields a considerable number of fragments. 
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Genus TITANI0HTHT8 Newberry 

Plates of head and trunk resembling those of Dinichthys, but relatively 
thinner, and more laterally expanded. Pineal plate elliptical, broader than 
long, in contact with the centrals, and pierced by one or two foramina, the 
latter sometimes capped by a small bony operculum. Lower dental plates 
long and slender, without denticulations, grooved in the anterior portion of 
the oral margin as if for a horny sheath, and somewhat turned upwards at 
the symphysis. Outer (free) portion of clavicular developed as a stout arm, 
rounded or semicylindrical in cross-section. 

The remarkable fishes comprised by this genus represent the ultimate 
stage of specialization attained by Dinichthyids. Unable to maintain an 
existence except under peculiarly favorable conditions — their gigantic size, 
unwieldy organization and weak dentition presupposing an estuarine habitat 
and abundant food supply — they survived for a relatively short period, and 
within a limited area. Their remains are confined, so far as known, to the 
Upper Devonic of Ohio. Forerunners of the genus, however, make their 
appearance as early as the Ulsterian, and fragmentary plates very suggestive 
of Titanichthys occur in the Hamilton limestone of Milwaukee, Wis. 

The arrangement of cranial plates conforms closely to the pattern of 
typical Coccosteans. The bone substance, however, is much thinner, the 
sutures more intimately fused, and all of the plates are relatively broader. 
The long axis of the pineal, too, is transverse instead of longitudinal, as in 
Dinichthys and Coccosteus. The enormous width and flatness of the 
cranial and abdominal armor plainly indicate a depressed, raylike form of 
body, probably correlated with bottom-feeding and generally sluggish 
habits. Certainly the degenerate character of the dentition does not 
permit us to look upon these creatures as very formidable competitors of 
Dinichthys and the much more agile Cladoselache. 

Interesting features are displayed by the abdominal armor. The mode 
of articulation between the head shield and antero-dorsolateral plates is less 
complicated than in Dinichthys, the condyle and socket of the latter form 
being replaced by an elongated flange and groove, which probably admitted 
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of but slight movement between the parts. In the type species at least, the 
antero- and postero-dorsolateral plates are completely fused, and are over- 
lapped to a relatively greater extent by the dorsomedian than in Dinichthys. 
Particular attention is claimed by the last named plate, for the reason that 
its relations have not been clearly understood. It would appear that our 
only knowledge of the dorsomedian in Titanichthys is confined to a single 
specimen, identified by Newberry as belonging to T. clarki, but wrongly 
referred by him to the ** underside of the body or head."' A figure of it is 




Fig. 37 Dorsomedian place of Titanichthys clarki Newb., from the Cleveland shale of Ohio. Original in American 

Museum, x i-ii 

Fig. a8 Clavicular of Titanichthys clarki Newb., from the Cleveland shale of Ohio. Origimil in American Museum. 

X i-io 

given, with the posterior margin uppermost, in plate 3, figure i of New- 
berry' s monograph, and its outlines are reproduced in the accompany- 
ing text figure 27. The original is now preserved in the American 
Museum of Natural History in New York, after having remained for some 
time inaccessible in the collections of Columbia University. Newberry's 
failure to recognize this plate as a dorsomedian is probably to be explained 
by the fact that its visceral aspect is embedded in the matrix, thus conceal- 
ing the characteristic longitudinal keel. That the latter was present, how- 

' U. S. Geol. Sur. Monogr. 1889. 16: 135. 
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ever, is shown by a convenient fracture, although there is no evidence that 
it terminated in a distinct process, as in Dinichthys, Mylostoma, and other 
genera. Measurements show that the extreme length and width of this 
plate are very nearly equal, the distance between the anterolateral extremi- 
ties amounting to 70 cm. In an earlier restoration of T. agassizi by 




Fig. ag Titanichthys agassizi Newb. Restoration of head shield and dorsal armoring of trunk, x x-i3. ADL^zntcro- 
dorsolateral, fused with the postero-dorsolateral ; C— central ; Z7/T/— dorsomedian restored after the outline of T. dark i; 
iP6>=~external occipital; ^Yf— marginal ; 3fC?— median occipital ; /'--pineal; /?— position of rostral; 5'(?-'Suborbital 

the present writer,' the dorsomedian is shown as being partly overlapped by 
the adjacent plates on either side. This is now believed to be erroneous, 
the relations of overlap are as in Dinichthys, and the idea that a carinal 
process was present was suggested by a photograph of a plate purporting 
to belong to T. clarki, but which, upon examination of the original, 

' Am. Nat. 1898. 32: 763, fig. 4. 
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turns out to have been a large dorsomedian of Dinichthys. The error to 
which we have called attention is corrected in the new restoration given 
herewith. 

We come now to speak of the clavicular, a plate which has been 
curiously misinterpreted both in this genus and in Dinichthys. The frag- 
mentary example figured by Newberry in plate 3, figure 3 of his Monograph 
on Palaeozoic Fishes under the name of "coracoid (?)," gives no adequate 
conception of what the plate was like. We accordingly present an outline 
drawing and section [text fig. 28] of a nearly perfect clavicular of T. c 1 a r k i, 
the original of which belongs to the American Museum of Natural History; 
and this element is also shown in its natural position, overlapping the 
antero-dorsolaterals, in the restoration of T. agass i z i given in text figure 
29. It will be seen from these figures that the external or distal portion of 
the clavicular is very different from the corresponding portion in Dinichthys, 
being develop'>id as a stout, slightly curved arm, semicylindrical in cross- 
section, and not dividing into two branches, nor provided with the peculiar 
** knuckle joint" described by Claypole in a large specimen of Dinichthys.' 
The total length of the figured example, measured in a straight line, is 
65 cm, and it is evident that the rodlike projection must have extended 
almost, if not entirely free from the body armor on either side. What 
function it subserved is difficult to imagine, but as likely a conjecture as 
any is that it furnished a support for the branchial apparatus and attach- 
ment for the tissues connected with the lower jaw. It is impossible to 
suppose that plates of such thickness as the clavicular — in the distal 
process it amounts to upwards of 5 cm — could have been flattened out 
horizontally by mechanical agencies during fossilization ; hence, as this bone 
continues the plane of the head shield and body armor, we are compelled 
to assign to Titanichthys a depressed form of body, having in the type 
species the truly enormous expanse from side to side of over 1.5 meters. 

Nothing is known of the ventral armor of Titanichthys, unless we are 
permitted to assign to this genus certain large, thin plates of lanceolate 

» Ohio Geol. Sur. Rep't. 1893. 7: 610, ])1. 38, fig. i; pi. 39, fig. i. 
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outline, which have been found as yet only in the detached condition, but 
evidently represent the median ventrals of some large member of the family. 
One such, having a length of 29 cm, and maximum width of 12.5 cm, has 
been figured by the present writer in the bulletin of Museum of Comparative 
Zoology [31 :26, pi. 5, fig. i]. It is abruptly truncated in front, and bears 
traces of overlap by contiguous plates ; accordingly if this plate is rightly 
interpreted as belonging to Titanichthys, there is excellent reason to 
suppose that the ventral armor consisted of the same number of plates as 
in Dinichthys. 

Genus pbotitanichthts nobis 

Primitive Coccosteans of small size, displaying composite characters of 
later forms. Arrangement of cranial plates in general resembling that of 
Coccosteus, the centrals meeting in a sinuous longitudinal suture and not in 
contact with the pineal ; the latter is subellipitical in outline, its long axis 
directed transversely, and pierced by a relatively large pineal foramen ; 
rostral plate also very broad. External surface finely tuberculated ; lateral 
margin of head shield apparently not much widened posteriorly ; sensory 
canals distinct [dentition unknown]. 

Protitanichthys fossatus sp. nov. 

Plate to, figure a ; text figure 30 

The unique specimen which is here made the type of a new genus and 
species is of interest in two respects ; first, on account of its geological 
antiquity, and in the second place, because it displays synthetic characters. 
In the majority of its features, a close approximation is to be observed to 
Coccosteus, and to the more primitive species of Dinichthys, as for example, 
D. halmodeus. First of all, there is to be noted its small size, corre- 
lated with finely tuberculate ornament of the external surface ; secondly, 
the sinuous suture line between the pair of central plates ; and thirdly, the 
exclusion of the pineal from contact with the latter pair. The form of the 
head shield, too, although this can only be determined approximately, 
appears to have been long and narrow, without much lateral expansion at 
the posterior border. One striking peculiarity, however, distinguishes it 
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from all species of Coccosteus and Dinichthys, and points to ancestral rela- 
tionships with Titanichthys, in recognition of which we have given it the 
generic name. Indeed, no other course is open to us than to attach signifi- 
cance to a character which is common to the two genera under comparison 
(Titanichthys and Protitanichthys), but occurs not elsewhere amongst 
members of the same family. We refer to the large size and transverse 
elongation of the pineal plate, which, according to our view, indicate an 
initial modification along the line of descent culminating in Titanichthys. 
As yet our acquaintance with intermediate forms connecting the archetype 
and extreme limits of specialization is very inadequate. But when we take 
into consideration the long geological interval separating the two genera in 
point of time, it is scarcely risking too much to claim this small composite 
form as a possible forerunner of the Upper Devonic Titanichthys. 

The head shield, itself imperfectly preserved, is unaccompanied by any 
other bones of the skeleton. Although, as a rule, little dependence is to 
be placed upon theoretical association of parts, the question may properly 
be raised whether there are any other Coccostean remains occurring in the 
same horizon which correspond in general proportions and superficial orna- 
ment to the head shield under discussion. Attention rests immediately 
upon two forms : the lower dental plate described as Liognathus 
spatulatus, and the dorsomedian plate known as Coccosteus occi- 
dental is [anie, p. 115]. The possibility is not remote that all three of 
these detached parts which have received separate names may actually 
belong to a single species ; in default of proof, however, we have no other 
procedure than to maintain each provisionally as an independent species, or 
even genus. At the same time it may not be unworthy of comment that 
the peculiar spiniform prolongation observed in Coccosteus occiden- 
tal is reappears in an abbreviated form in the triangular termination of 
the corresponding plate in Titanichthys. Such a coincidence certainly sug- 
gests the idea of an inherited characteristic, and confirms us in the belief 
that prototypes of the most highly specialized Coccosteans are to be sought 
as early as the Ulsterian stage in this country. 
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The actual condition of the type specimen may be seen from the photo- 
graph reproduced in plate 10, figure 2 ; in addition, an outline restoration is 
here offered, which it is hoped will be of service in comparing the arrange- 
ment of cranial plates and sensory canals, as far as these are discernible, 
with other Coccosteans. The specific title has reference to the conspicuous 
pineal foramen, placed slightly posterior to the middle of the plate. Two 




other prominent fossae, corresponding to those in Dinichthys, occur in line 
with the pineal on the underside of the preorbitats, and these appear to 
have been bounded by a low transverse ridge in front. Whether or not 
vomerine teeth were attached in this vicinity can not at present be deter- 
mined. Analogy, our only guide, would lead us to expect that they had 
been. 

Formation and locality. Delaware limestone (Ulsterian); Delaware, O. 
Holotype preserved in the Museum of Comparative Zoology at Cambridge, 
Mass. 



DEVONIC FISHES OF THE NEW YORK FORMATIONS 1 47 

Genus olyptaspis Newberry 
A provisional genus including Arthrodires of large or even gigantic 
size, known only by plates of the abdominal armor. Ornamentation con- 
sisting of fine stellate tubercles, closely arranged and often becoming con- 
fluent in irregular or vermiculating ridges. Overlapping margins of plates 
broad, beveled to a thin edge, and sometimes striated. 

Glyptaspis verrucosa Newberry 

1889 Glyptaspis verrucosus J. S. Nnvberry. U. S. Geol. Sur. Monogr. 
16: 158, pi. 13, fig. I, 2 

Under this name several large plates with strongly beveled edges, and 
with central portion displaying peculiar ornamentation, have been described 
by Newberry from the Cleveland shale of Ohio. One of the two plates 
figured by this author is identifiable as the anterior, the other as the pos- 
terior ventromedian, both represented in inverted position. The larger of 
these, as compared with the corresponding element amongst other forms, 
indicates a creature fully equaling Titanichthys in size. Of the head shield, 
and other portions of the armor aside from the ventromedian plates, nothing 
is at present known, nor has the species been recognized with certainty 
beyond the confines of the Cleveland shale of Ohio. 

Glyptaspis abbreviata sp. no v. 

Plate 13 

A few fragmentary plates are preserved in different collections from 
the Black slate of Kentucky (Genesee) and Portage shale of western New 
York, which display the vermiculating type of ornamentation peculiar to 
Glyptaspis, but until recently there has been insufficient material for fram- 
ing a satisfactory diagnosis of the species represented. The relatively 
smaller size of the plates, their fineness of ornamentation, and difference in 
geological horizon lead one to suspect that another than the type species 
was present during the earlier part of the Upper Devonic, and this inference 
would seem to be borne out by a recent fortunate discovery, which we owe 
to Dr J. M. Clarke. 
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In plate 13 is shown an exceptionally perfect abdominal plate identi- 
fiable as the right antero-ventrolateral of a form closely resembling the type 
species of Glyptaspis, but distinguished by its more delicate ornamentation, 
and by a very marked difference in the proportions of length and breadth. 
As indicated by the trivial title, the plate here named G. abbreviata 
is very much foreshortened in an anteroposterior direction, more so than in 
any other genus of Arthrodires with the possible exception of Trachosteus. 
The general outline is subtriangular, the total length being but 15 cm, and 
width 16 cm. Although actual specimens are wanting of the corresponding 
plate in G. verrucosa, we are able to form a tolerably accurate concept 
of its appearance and general proportions, by means of its impress upon 
the antero-ventromedian, taken together with the configuration of the 
postero-ventromedian, and imprints upon it of the postero-ventrolaterals. 
For all practical purposes therefore, our knowledge of the ventral plates in 
G. verrucosa is sufficient to permit comparisons to be made with the 
armoring of other forms ; and in the case of the extremely perfect outlines 
of G. abbreviata, one can see at a glance that a very different set of 
proportions obtained in the two species. As regards superficial ornament, 
the forms are related to each other much in the same way as are B o t h r i o- 
1 e p i s n i t i d a and B. minor amongst Ostracophores. 

The bone substance of the plate discovered by Dr Clarke is almost 
entirely denuded, leaving, however, a very clear impression of the external 
surface. Only the central portion of the plate is tuberculated, the surface 
sloping away on all sides of this area so as to form a broad, smooth peripheral 
margin, on which no traces of overlap are to be observed. The details of 
the ornamentation are shown to rather better advantage in the smaller frag- 
ment from the Black slate of Lexington, Ky. The specimen here regarded 
as the type of a new species is from near the base of the Portage beds at 
Valois, N. Y., and is preserved in the New York State Museum. A some- 
what larger plate, possibly identical with this, is to be seen in the collection 
of the Buffalo Society of Natural Sciences, and was obtained by Mr Mixer 
from the Portage of Sturgeon Point, on the shore of Lake Erie. 
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Formation and locality. Genesee of Eighteen Mile creek, N. Y., and 
Lexington, Ky. ; Portage of Seneca co. N. Y. 

Family )vfVLoeixoMA.TiDA.B 

Head shield and abdominal armor essentially as in the preceding family, 
but with dentition adapted for crushing instead of cutting. Upper dentition 
consisting of two pairs of Ceratodontlike palato-pterj^goid dental plates, 
with nondenticulate margins. Vomerine teeth present in at least one genus. 

Genus mytostoma Newberry 

Distinguishable from Dinichthys only by characters of the dentition. 
Oral surface of lower dental plates broad, more or less flattened, and 
bearing either a rounded boss or V-shaped eminence close to the inner 
margin, which plays into a corresponding depression of the upper pair. 
Vomerine teeth as yet unrecognized. 

Our knowledge of Mylostoma is confined at present to three species, 
all from the Cleveland shale of Ohio. Of these M. variabilc New- 
berry, which is typical of the genus, has become comparatively well known 
within the last few years, thanks especially to the elaborate researches of 
Dr Bashford Dean. On the other hand, no additional material illustrating 
the characters of M. terrelli has come to light since the discovery of 
the unique type described by Newberry, now the property of the Museum 
of Comparative Zoology. One of the interesting points established by 
Dean's study of the type species is the close agreement between it and 
Dinichthys in all essential respects save for the dentition ; and as nrgards 
this latter feature, the same difference is to be noted as exists bcrtwcen 
Rhynchodus and Palaeomylus amongst Chimaeroids, or between Protopterus 
and Neoceratodus amongst modern Dipnoans. Parallel modifications of 
this nature, occurring as they do in diverse groups, are doubthss to be cor- 
related with similar food habits. Amongst Chimaeroids, for instance, 
certain genera are shown by their developm(;nt of tritoral dental phites to 
have subsisted on hard-shelled prey, such as mollusks, echinoderms and the 
like; whereas others, as indicated by their sharp cutting blades, were 
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adapted for subsistence on soft tissues, and were probably predaceous 
creatures. Mylostoma and Dinichtliys furnish examples of corresponding 
adaptations amongst Arthrodires, and we have already seen that analogous 
changes are sustained amongst Dipnoans of the present day. 

The mandibles of Mylostoma would seem to have retained with great 
persistency typical Dipnoan conditions. Not only do the dental plates 
portray what may fairly be called a Ceratodontlike configuration, but they 




Fi(. 31 Upper denlitioi 

are more sharply demarcated from the supporting splenial than in other 
Arthrodires. And although marginal serrations have disappeared, the 
divided ridge which occurs close to the inner margin is perhaps to be 
regarded as a relic of one of the most persistent features of Dipnoan denti- 
tion. As for the upper dental plates, had they always been found in the 
detached condition, and were we ignorant of their association with typical 
Arthrodiran mandibles, they would be unhesitatingly identi6ed with the 
Ctenodipterine order of Dipnoans. That these plates were supported in 
cartilage forming the roof of the month is perfectly evident from their rugose, 
slightly hollowed upper surface, and outwardly beveled edges ; and the pos- 
terior contour of the hinder pair renders it extremely probable, at least, 
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that the supporting palato-pterygoid cartilage was of the usual pattern 
found in all Dipnoans. This cartilage, when ossified, is commonly known 
as "upper dentigerous bone"; the fact that it is unossified in Arthrodires 
agrees with other evidence pointing to their lesser specialization as com- 
pared with Ctenodipterines. 

The restoration of the upper dentition of M. variabile, shown in 
the above figure, requires no additional explanation beyond that given in 
the introductory account of Arthrodires. It may profitably be compared 
with text figure i8, which is reproduced from a photograph of the actual 
dental plates. The retention throughout life of two pairs of palato-ptery- 
goid dental plates in this family, corresponding to an evanescent stage of 
Neoceratodus, is regarded as a primitive characteristic. Hence, in so far as 
the dentition is concerned, members of this family recall ancestral conditions 
more distinctly than either Dinichthys or Coccosteus. 

Genus DiNornxosroBiA Eastman 

A genus transitional between Mylostoma and Dinichthys, as its name 
implies, and partaking of the characters of both. Mandibles with slightly 
prehensile symphysial beak, and broad, flattened, regularly concave func- 
tional margin, showing marks of contact with dental plates of the opposite 
jaw, the latter essentially like those of Mylostoma. Vomerine teeth 
subtrihedral, slightly prehensile. 

Dinomylostoma beecheri Eastman 

Plate 14, figures 5, 6 ; plate 15 ; text figure 3a, 33 

1906 Dinomylostoma beecheri C. R. Eastman, Am. Jour. Sci. v. 21, ser. 4, 

p. 83, text fig. 2 (No description) 
1906 Dinomylostoma beecheri C. R, Eastman. Mus. Comp. Zool. Bui. 

5o» P- 23, pl- I, fig- 4, 5; Pl- 2, fig. 13. 14, 16, 17; pi. 4, 5 
1906 Dinomylostoma beecheri Z. Hussakof. Am. Mus. Nat. Hist. Mem. 
9, p. 119, 123 

The Specific characters of this form are included in the foregoing 
generic diagnosis. It may be remarked, however, that its particularly dis- 
tinctive feature consists in the acute termination of both mandibles and 
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vomerine teeth in front, together with the deeply concave oral margin of 
the lower dental plates. The functional surface of all the dental elements 
is narrower than in Mylostoma, thus making some approach to Dinichthys- 
like conditions, and a still further resemblance is to be observed in the form 
of the vomerine teeth. The latter, if found in the detached state, might 
readily be mistaken for the commonly so called **premaxillary teeth" of the 
preceding family. The dorsomedian and other plates of the abdominal 
armor are indistinguishable from those of Dinichthys. 

The unique specimen upon which this species and genus are founded 
is extremely important for the light thrown upon the structure and relations 
of the group to which it belongs, besides acquainting us with an interesting 
connecting link between two well known genera of Arthrodires. Nearly 
the complete dentition is presented for study, besides portions of the head 
shield, suborbital, sclerotic ring, and several plates of the abdominal armor, 
including a nearly perfect dorsomedian. All of these parts were inclosed 
originally in a single block of shale ; this has since been considerably 
broken, allowing a number of plates to be disengaged from the matrix. 

The history of the specimen is as follows: collected in the year 1868 
from an outcrop of Portage shale upon the farm of John Pierce, near Mount 
Morris, Livingston co. N. Y., it was acquired for the Peabody Museum at 
Yale by the late Professor O. C. Marsh. Here it remained for many years 
stored away and apparently forgotten. At all events there is no record of 
its consultation by any one prior to its being called to the present writers 
attention by Professor Charles E. Beecher, shortly before the unfortunate 
loss to science of the latter. An opportunity for its description arising in 
connection with the present report, it was generously placed at the writer's 
disposal by his friend Professor Schuchert, of Yale, at whose suggestion 
the specific title was inscribed to the memory' of the lamented Beecher. 
Although this specimen has already been noticed in the papers above 
referred to, its importance warrants further detailed description. 

The dcMitition of this species presents features of absorbing interest 
The mandibles bear a superficial resemblance to the lower dental plates of 
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Palaeomylus, especially P. g r e e n e i, and they are constructed more 
nearly after the pattern of Dinichthys than of Mylostoma. This by no 
means allows us to suppose, however, that the Mylostomid type is a deriva- 
tive of Dinichthys, or of its immediate predecessor, 
Coccosteus, inasmuch as the upper dentition in the 
family we are considering is decidedly more primitive 
than that of Coccosteans. The present species illus- 
trates the manner in which the lower dental plates of 
Dinichthys and its allies may have become modified 
from the usual form of these organs amongst Dipnoan 
fishes, by becoming turned upright in the jaws and ^»k 32 icft vomerine tooth 

io J q£ Dinomylostoma 

acquiring a trenchant functional margin through gradual beech eri, » seen from in 

000 front and slightly to one side. 

compression. One can readily conceive the possibility Nat.siie 

of the palatopterygoid plates undergoing corresponding modifications, 

which resulted in the development of shear teeth. 

In the mandibles of the species under discussion, the symphysial beak 
is rather obtuse, and but slightly prehensile, being scarcely elevated above 
the broad, flat, deeply excavated functional surface. The latter displays a 
single inconspicuous eminence or tubercle close to the external margin, 
situated about midway the length of the oral margin ; and at a distance of 
about 8 cm behind the anterior beak is a larger tubercle, rather elongate, 
and placed externally like the first. This posterior prominence fits accu- 
rately against the single large rounded boss of the opposing upper dental 
plate, thus determining the orientation of the latter with absolute certainty, 
and affording a trustworthy clue to the position of the corresponding 
element in M. v a r i a b i 1 e. 

The splenial is developed as a long slender shaft of bone, resembling 
that of Dinichthys, but relatively deeper. Both of these elements, right and 
left, are preserved in natural association with the articular cartilage. This 
has become more or less compressed through fossilization, but remains 
attached to the outer face of the splenial near its posterior extremity. 
Owing to the favorable preservation of the specimen, we are now enabled 
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for the first time to identify positively the elements of the lower jaw in 
Arthrodires, and to ascertain the nature of its articulation with the head 
shield. That the shaft of bone which we have called the splenial is prop- 
erly determined as such follows necessarily from the rule that in all higher 
types of fishes and other vertebrates, the functional lower jaw is formed by 
membrane bones which become ossified around Meckel's cartilage. In their 
greatest development there may be several of these bones on either side, 
amongst which the Hentary is defined as that bone which is developed in 
front — usually it is dentigerous — and the splenial that which is developed 
further back oji the inner side. The angulare, when present, extends for- 
ward from the angle of the lower jaw to meet the other two, and in addition 
a supra-angulare sometimes occurs behind the articulation of the lower jaw 
with the quadrate. Meckel's cartilage itself never ossifies, but remnants of it 
may persist in grooves or otherwise, as has already been observed. The man- 
dibles of Dinomylostoma are of peculiar importance in that their constituent 
parts are found to correspond precisely with those of Dipnoan fishes. 

The vomerine teeth of the present species are readily identifiable as 
such, owing to their general similarity to the corresponding structures in 
Dinichthys. They are prehensile to about the same degree as the sym- 
physial beaks of the lower jaw, against which they closed. Their posterior 
face is smooth and slightly concave, as if they had been in direct apposition 
with the anterior pair of palato-pterygoid dental plates, but these latter are 
missing in the only known example. The hinder pair, however, is admir- 
ably preserved, and, its position being definitely fixed in the manner already 
indicated, it is not difficult to restore the general outline, at least, of the 
missing elements. Their external margin must have been parallel to that 
of the functional surface opposed to them in the lower jaw; and as they 
were probably in contact along the median line, the inner ma v;m was 
rectilinear, as in M y 1 o s t o m a v a r i a b i 1 e. An inspection of text figure 
32 will facilitate an understanding of the manner in which upper and lower 
dental elements closed together, it being borne in mind that the tips of the 
vomerine and mandibular pair of plates were directly opposed. 
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Measurements of the more characteristic elements may be given as 
follows : the vomerine teeth have a length along the inner longitudinal 
margin of 3 cm ; their width across the posterior face is 3.5 cm, and across 
the external face it is 4 cm. The posterior palato-pterygoid dental plates 
are of irregularly cruciform outline, with major and minor axes of 6.8 and 
5 cm respectively. They are about 2 cm in thickness, except in the region 




Fig. 33 Diagram showing contour of oral margin of mandibular and posterior palato-pterygoid dental plates of Dinomy- 
lostoma beecheri,in front of which are shown the upturned vomerine pair, all drawn to the same scale, and the mem- 
bers of each pair placed in natural position with respect to each other. x% 

of the centrally placed tubercle, where the total thickness is 2.5 cm. The 
total length of the mandibles falls a trifle short of 20 cm, that of the func- 
tional margin about 8 cm, and the maximum width of the latter is 2.3 cm. 
The dorsomedian plate, closely similar in form to that of Dinichthys 
intermedius, and with well developed posterior process, is estimated to 
have had a total width of at least 18 cm; it is unfortunately not preserved 
for its entire length. The antero-ventrolaterals have approximately the 
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same form, but are in the neighborhood of one fifth smaller than the corre- 
sponding plates in the unique example of Mylostoma variabile 
figured by Dean. It is necessary to bear in mind, however, in connection 
with this author's restoration of the ventral armor, that the anterior and 
posterior pairs of lateral plates have been confused with one another. 
Such, at least, is the opinion of the present writer after comparison of the 
plates marked by him ''AVL'' and ''PVL''^ with the ventrolaterals of 
Dinichthys and noting specially their centers of ossification, growth-lines, 
and nutritive canals. 

Formation and locality. Portage (Cashaqua) shale ; Mount Morris, 
N. Y. There is also indistinct evidence either of this or of some species 
of Mylostoma in the black Naples shale (Portage) at Sturgeon Point, on 
the south shore of Lake Erie. 

GENERA OF DOUBTFUL FAMILY POSITION 

Fragmentary remains of Arthrodires, differing from other described 
species as regards superficial ornament, and some of them indicating fishes 
of considerable size, have been described from various Devonic localities 
of the New York-Pennsylvania region. Most of the species are known 
only by detached plates, none in association with the dentition, hence their 
systematic position is doubtful. Coarsely tuberculated plates, suggestive 
of Newberry's type of Aspidichthys clavatus, are reported from 
the New York Portage." As indicated by the generic name, the ornament 
of Holonema consists of threadlike, radiating ridges. Two species are 
known, the type (H. rugosum Claypole) occurring in the Chemung of 
New York and Pennsylvania, and the other (H. horridum Cope) thus 
far known only from rocks of the same age in Bradford county, Pennsyl- 
vania. One specimen of H. rugosum is interesting in that it displays 
the entire ventral armor. Phyllolepis is distinguished from Holonema by 
having the superficial rugae arranged in concentric, instead of radiating 

* Dean, B. Palaeontological Notes: On the Characters of Mylostoma Newberry. 
N. Y. Acad. Sci. Mem. 1901. 2: 108, pi. 7. 

• Williams, H. S. U. S. Geol. Sur. Bui. 41. 1887. p. 43. 
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lines. The only American species known is P. delicatula Newberry, 
from the Chemung of Bradford county, Pennsylvania. Accompanying the 
latter, but of still more problematical nature, are plates with arrowheadlike 
ornamentation, described by Newberry under the name of S p h e n o- 
phorus lilleyi.' Certain elliptical plates having a closely similar style 
of ornamentation are also known from the Hamilton of Milwaukee. From 
this locality also are obtained a number of peculiar plates, possibly repre- 
senting the dorsomedian of unknown forms, two such being shown in plate 
2, figures 3 and 4. Aspidichthys, Phyllolepis, and possibly also Holonema, 
are represented in the European Devonic, and one species from the Devonic 
of Manitoba is doubtfully referred to Aspidichthys (A. ? n o t a b i 1 i s) by 
Whiteaves. 

Order CTENODIF^TERINI 

Body fusiform, without dermal armor. Skeleton and chondrocranium 
partially ossified, skull autostylic, premaxillae and maxillae absent. Cranial 
roof bones small, and, like the squamation, with or without ganoin invest- 
ment. Nostrils inferiorly situated; jugular plates present or not. Tail 
heterocercal or apparently diphycercal (gephyrocercal). Anal fin always 
distinct, the remaining median fins either discontinuous or becoming 
coalesced. Paired fins acutely lobate. Secondary pectoral arch consisting 
of ossified supraclavicular and clavicle; pelvic arch present. Dentition 
consisting of large tritoral dental plates supported by the palato-pterygoid 
and splenial bones ; a marginal series of teeth above and below also some- 
times present, but never any vomerine teeth. 

The structure of this singularly interesting order of Paleozoic fishes 
has been investigated in minute detail by Pander, Traquair and others, 
and particularly within the last dozen years or so its relations to modern 
lung fishes have engaged profound attention amongst students of ichthy- 
ology and paleontology. Recent discussion has centered around two rival 
theories, as we have already seen. According to the first, which has 
steadily gained in ascendancy, the typical Dipnoans of the Devonic are 

* The generic name being preoccupied, Oestophorus has been proposed as a substitute 
by S. A. Miller. Plates of this description occur also in the Hamilton. 
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supposed to have attained greater specialization than any of their known 
descendants in later times, those existing at the present day showing 
decidedly more primitive characters as compared with Ctenodipterines. 
Modern forms would therefore be looked upon as survivals of the more 
generalized primeval Dipnoan stock, rather than as the direct descendants 
of Dipterus and its allies. 

The other and newer interpretation is that of Dollo, and directly the 
reverse of the first. Evidence drawn from other than cranial characters is 
held to confirm the belief that Dipterus is the most archaic of all Dipnoans, 
and that modern lung fishes have been derived through successive stages of 
specialization. As starting point of this theory, Dollo accepts the con- 
clusion previously reached by Balfour and Parker that the apparently 
diphycercal tail of recent forms is secondary, due to abortion of the 
termination of the vertebral axis, and coalescence of the median fins. The 
less ossified condition of the skull in modern forms is likewise explained as 
the result of secondary reversion, through degeneration, to an apparently 
primitive condition. The chief objection to this view is that we are unac- 
quainted with any parallel example amongst vertebrates which justifies 
belief in the possibility of such degeneration as is here assumed. 

Yet another view of Dipnoan relationships, or perhaps rather to be 
considered as a modification of the first, is that already outlined in the 
present memoir. The Ceratodont type is regarded as decidedly more 
primitive in structure than that of Dipterus and its allies ; and either it or 
its direct prototype is assumed to have been in existence at least as early 
as the lowermost Devonic, to have given rise to the highly specialized 
orders of Ctenodipterines and Arthrodires, and to have persisted practically 
unchanged ever since. Neoceratodus therefore falls within the same cate- 
gory as scorpions, king-crabs, Lingula, Cestracion and other archaic sur- 
vivals which have manifested extraordinary persistence and conservatism 
throughout nearly the whole sequence of geological formations. This view 
may be said to rest almost entirely upon the evidence of comparative 
anatomy, and has received as yet no confirmation through the discovery of 
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actual remains which fulfil the requirements of a common ancestor to the 
three recognized orders of lung fishes, — Arthrodires, Ctenodipterines and 
Sirenoids, It may be that confirmation of this nature will never be forth- 
coming, owing to the imperfection of the paleontological record. Never- 
theless, guided by the principles of structural resemblances, and not by any 
exercise of the art of divination, one may project the divergent lines of 
descent backward until they meet in a common point; and at this point is 
to be sought the ancestry of the three orders with which we are now 

acquainted. 

Family diptkbidae 

Cranial roof bones numerous ; no secondary upper jaw, and no mar- 
ginal series of teeth above or below; jugular plates present. Upper and 
lower dental plates triangular, with outwardiy radiating ridges, usually 
tuberculated or strongly crenulated, rarely smooth or nearly so ; no vom- 
erine teeth. Caudal fin heterocerca! ; two remote dorsal fins opposed to 
the pelvic and anal fins, separated from the caudal. 

Genus diftebus Sedgwick & Murchison 
Our knowledge of the complete form of this genus, shown in text figure 
34, is dependent entirely upon the well preserved skeletons occurring in the 
Scottish Lower Old Red sandstone. In this country Dipterine remains are 
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confined exclusively to detached hard parts, such as dental plates, scales, 
and calcified labial cartilage. Under these circumstances it is sometimes 
difficult to determine whether teeth of a certain form should be retained in 
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this genus, or referred to Sagenodus, Ctenodus, and others having a similar 
form of dentition. Recent discoveries having brought to light large num- 
bers of Dipterine teeth from the western Devonic, the leading species 
which are here figured and described offer valuable points of comparison 
with those from the eastern States. 

Dipterus uddeni Eastman 

Plate 4, figures 3, 4 

1899 Dipterus uddeni J. A. Udden. Jour. Geol. 7: 494 (name only) 

1900 Dipterus uddeni C, R, Eastman, Jour. Geol. 8: 37, text fig. 5 

This species, the earliest to make its appearance in the Devonic rocks 
of this country, is founded upon a unique lower dental plate from the base 
of the Cedar Valley limestone (Erian) near New Buffalo, la. The specific 
title is bestowed in honor of its discoverer, Professor J. A. Udden, formerly 
of the Iowa State Geological Survey. It has a total length of 36 mm, is 
moderately convex, and remarkable for the paucity of its denticulated 
ridges. These are but four in number, and radiate outwards from the pos- 
terior angle, which is worn smooth by use. The anterior row of denticles, 
and inner moiety of the remaining rows are also considerably worn ; but in 
the outer moiety of these rows the denticles are acutely conical, of large 
size, and well separated. There is a gradual increase in size of all the 
denticles from within the inner margin outwards. The coronal surface is 
finely punctate. 

Formation and locality. Base of the Cedar Valley limestone ; New 

Buffalo, la. 

Dipterus calvini Eastman 

Plate 4, figurt i 

1900 Dipterus calvini C. R, Eastman. Jour. Geol. 8: 38, text fig. 7 

Lower dental plate elliptical in outline, and moderately convex in an 
anteroposterior direction. Eight tuberculated ridges extend from the outer 
margin to about the middle of the plate, the two anterior ones larger than 
the rest and elevated into a slight fold. Coronal surface considerably worn 
in the type specimen, and external margin partially broken. Tubercles 
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conical and well separated, except those of the two anterior ridges, which 
are coalesced and worn on their summits. Total length of plate 3 cm. 

This species, like the preceding, is founded upon a unique dental plate 
from the Cedar Valley limestone of Iowa, It comes, however, from a 
higher level, locally known as the " Euomphalus bed," which lies about 
eight feet below the summit of the Middle Devonic in Muscatine county. 
. Formation and locality. Cedar Valley limestone ; Fairport, la. 

Diptenis costatus Eastman 

Plate 4, figure 9 

1900 Dipterus costatus C, R, Eastman. Jour. Geol. 8: 39, text fig. 4 

Dental plates agreeing in size and general outline with D. cal vini, 
but with fewer and more widely separated coronal ridges, which disappear 
before reaching the middle of the plate. The distinguishing feature of this 
species consists in the elevated acute ridge extending along the entire 
length of the inner border, and separated from the remaining tuberculated 
ridges by a broad longitudinal furrow. This ridge appears to be made up 
of three coalesced costae, of which the third counting from the inner margin 
is the largest. The two innermost costae are so faint as to be almost 
imperceptible against the steep face of the main ridge. The latter shows 
no evidence of having been tuberculated, although faint and partially 
coalesced tubercles occur on the five remaining costae. Several examples 
of this species, including the type, are preserved in the Museum of Com- 
parative Zoology at Cambridge, Mass. 

Formation and locality. State Quarry beds (Upper Devonic) ; near 
North Liberty, Johnson co., la. 

Dipterus mordax Eastman 

Plate 4, figures 5, 6 

1900 Dipterus mordax C. R, Eastman, Jour. Geol. 8: 39, text fig. 6, 8 

Lower dental plates attaining a length of over 3 cm, coronal surface 
gently convex, with six rows 'of very large, discrete, conical or rounded 
tubercles which extend from the outer margin for a variable distance toward 
the posterior angle ; the two posterior rows often rudimentary. Some of 
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the tubercles, when worn by use, become elongated in the direction of the 
rows to which they belong, others in an oblique direction. The coarseness 
of tuberculation, in proportion to the size of the plates, is greater than in 
any other species yet described. 

Formation and locality. State Quarry beds (Upper Devonic) ; near 
North Liberty, Johnson co., la. 

Dipterus fleischeri (Newberry) 

Plate 7, figure a 

1897 Ctenodus fleischeri J, S, Ntivberry. N. Y.Acad. Sci. Trans. 16:302, 
pi. 24, fig. 25 

Upper dental plates thin, slightly concave, triangular in outline ; coronal 
surface transversed by six rows of rounded obtuse tubercles increasing in 
size from the posterior angle outwards. At least the anterior or innermost 
rows of tubercles are continuous almost to the posterointernal angle. 

Besides the type, only one other example of this species has yet been 
brought to light. This is a large upper dental plate, preserved in counter- 
part, now the property of the New York State Museum. It is from the 
Catskill of Delaware county, N. Y., and being more complete than New- 
berry's original, we presitint a figure of it herewith. Its relations are 
evidently with 1). U'ddeni and 1). mordax, as shown by the small 
number of coarsely tuberculated costae ; but in size it is much larger, the 
length of the inner margin being fully 5 cm. 

Formation and locality. Catskill sandstone (Chautauquan) ; Tioga 
countv, Pennsvlvania, and Franklin, Delaware co. N. Y. 

Dipterus sherwoodi Newberry 

1875 D i |> t r II s s h e r w o o d i /. S. Neroberry, C). Geol. Sur. Rep't. Palaeont. v. 2. 

pt J, i>. 61, pi. 58, fig. 17 
i88g l>i])tcrus (Ctenodus) sherwoodi /. ..9. Xcii'berry, U. S. Geol. Sur. 

Mv)nogr. !(>: 118, pi. 27, fig. 32 

Of this species no other examples are known but the type specimen, 
which is imperfect. In the text of Newberry's monograph, this is deter- 
mined as ** apparently one of the upper palate teeth of a species of Dip- 
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terus," but in the explanation of figures it is identified as a mandibular 
dental plate. It agrees with the preceding species in having a coarse tuber- 
culation and very few ridges, some of them indistinct. The tubercles them- 
selves are stated to be ** somewhat compressed laterally, rounded, smooth, 
and blunt at the summit." 

Formation and locality. Catskill sandstone (Chautauquan) ; Tioga 
county, Pennsylvania. 

CHEMUNG SPECIES OF DIPTERUS 
Precise determination of Dipterus teeth from the Chemung proper of 
New York and Pennsylvania is a matter of some difficulty, owing to imper- 
fection of type material upon which the various ** species" are founded, 
and an insufficient series of specimens for illustrating the range of variation 
common to both sets of dental plates, upper and lower. In the case of 
some species, the original descriptions undoubtedly require emendation, but 
it would be hazardous to attempt this without having recourse to a larger 
and better suite of material than is at present available amongst different 
museums. This much, however, one feels warranted in concluding : that 
very probably not more than two well marked types of Dipterine teeth 
occur in the Chemung proper of the eastern region. These are D. f 1 a- 
belliformis and D. nelsoni Newberry, the latter including New- 
berry's so called D. lev is (founded on worn specimens), and possibly also 
D. quadratus and minutus. Of Dipterus nelsoni both pala- 
tine and mandibular dental plates are known, a good example of the latter 
being represented in plate 4, figures 13, 14. For the original description of 
these forms, which we are willing to leave as they are for the present, one 
may consult Newberry's monograph, pages 87-91. Whether the so called 
Dipterus ithacensis, considered by Williams' as ** showing some 
relationship perhaps to Pterichthys," properly belongs in this category 
can not be determined from the meager account given of it, unaccompanied 
by illustrations. 

' Williams, H. S. Notes on some Fish-remains from the Upper Devonic of New York 
State (Abstract). Am. Ass'n Adv. Sci. 30th meeting. Proc. 1882. p. 192. 
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On the other hand, Dipterine remains are present in astonishing abun- 
dance and considerable variety in the western Neodevonic, specially the 
State Quarry beds of Johnson county, Iowa. A number of representative 
forms, some of them belonging to still undescribed species, are shown in 
plate 2, figure i, and plate 4, figures 2, 7, 8, 12, 15 and 16. It is to be 
regretted that no portions of the skeleton, other than the dentition, have 
yet been brought to light from this region. 



Subclass 

The great group of fishes commonly known under the designations of 
Ganoids and Teleosts and first recognized by Owen as a single subclass, 
Teleostomi, makes its appearance in the Lower Devonic, but does not 
really become significant until the Carbonic. The Crossopterygian order, 
which predominates during the Devonic, is somewhat abundantly repre- 
sented toward the close of that system in this country- ; but except in 
Canada, all the remains are extremely fragmentary, consisting of detached 
scales, teeth, plates, and in two or three instances of imperfectly preserved 
skeletons. The most important American genera are Holoptychius, Saurip- 
terus, Onychodus and Eusthenopteron, but of these the last named alone has 
been found in a state bordering upon completeness. Nevertheless, it is 
possible to frame a tolerably accurate conception of the remaining genera 
through comparison of their characteristic parts with the admirably pre- 
served skeletons of their foreign representatives, especially those from the 
Scottish Old Red sandstone. In this way the detached head plates and 
bones of the shoulder girdle belonging to Onychodus, for instance, acquire 
much greater significance than would otherwise be possible. The osteology 
of various typical members of the Crossopter^'gian order is now quite satisfac- 
torily known, as the result especially of the researches of Pander,' Huxley* 



» Pander, C. H. Ueber die Saurodipterinen, Dendrodonten, Glyptolepiden, und 
Cheirolepiden des devonischen Systems. St Petersburg i860. 

* Huxley, T. H. Illustrations of the Structure of the Crossopterygian Ganoids. 
Geol. Sur. Mem. United Kingdom 1866. Reprinted also in the Scient. Mem. of T. H, 
Huxlev, Suppl. volume, 1903. 
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and Traquair. To the last named author/ also, we owe our principal 
knowledge of the structure of Paleoniscid fishes, these being the only 
Devonic representatives of the next higher order of Teleostomes, or 
Actinopterygii. 

Order i CROSSOFTTERYGII 

Pectoral fins lobate, with a large basal portion covered with scales, 
more or less fringed with dermal rays ; the ventrals usually much like the 
pectorals, always abdominal in position ; caudal fin diphycercal or hetero- 
cercal. Skeleton more or less ossified, body covered with rhombic or 
circular ganoid scales. A pair of large jugular plates developed in place of 
branchiostegals ; no fulcra. Dorsal fins two, or a single one divided into 
many finlets. 

Attention has frequently been called to the fact that the earliest mem- 
bers of this order, especially those with acutely lobate paired fins, bear a 
considerable resemblance to Dipnoans, and the descent of the latter has 
even been traced by Dollo and others to the Crossopterygii. These fishes 
possess much general interest in that they are commonly looked upon as 
ancestral to amphibians and higher vertebrates. During the evolutionary 
history of the order, the following structural modifications are observable, 
as noted by A. S. Woodward: (i) The paired fins become abbreviated; 
(2) the supports of the median fins tend towards reduction to a single 
series ; (3) these supports sometimes become correlated in part with the 
dermal fin rays ; and (4) there is sometimes degeneration in the external 
armor of the head and opercular region, some plates being fused together, 
others becoming lost. The reduction in the complexity of the mandibular 
ramus is also especially noteworthy. 

Family holof»xychiid-a.r 
Body fusifonn, with cycloidal, deeply overlapping scales, more or less 
enameled. Head and opercular apparatus with well developed membrane 
bones ; parietals large and separate ; frontals separate, not fused into a con- 

» Traquair, R. H. Ganoid Fishes of the British Carboniferous Formations. Pt i, 
PalaeDniscidae. Pal. Soc. Monogr. 1877 and 1901. 



1 66 NEW YORK STATE MUSEUM 

tinuous plate with the adjoining elements ; no parietal or frontal foramen ; 
interoperculum absent ; jugular plates comprising one large pair, flanked on 
either side by a lateral series. Dentary bone of mandible thin and deep, 
bearing a series of small teeth, and with well developed infradentaries, much 
bent inwards below ; an inner series of few, large, broad, shuttle-shaped 
bones, each supporting a **laniary" tooth; a pair of similar teeth on the 
roof of the mouth, but the marginal upper dentition feeble. Teeth conical, 
with a very small pulp cavity, of which the walls exhibit complex infoldings, 
appearing closely intertwined when viewed in transverse section, these pro- 
ducing superficial vertical flutings. Pectoral fins acutely lobate, pelvic fins 
either acutely or obtusely lobate ; two remote dorsal fins ; anal fin single ; 
caudal fin diphycercal or heterocercal. 

The foregoing family definition, which we have taken from Smith 
Woodward, is based chiefly upon the structural characteristics of the typical 
genus Holoptychius, well preserved specimens of which occur plentifully in 
the Scottish Old Red sandstone, and are known also from Belgium and 
Russia. With the exception of the closely related Glyptolepis que- 
becensis Whiteaves,' by some writers included with Holoptychius, no 
member of this family is represented in the American Devonic by com- 
pletely preserved remains, and by far the majority of species are founded 
upon detached scales. The teeth described by Leidy under the name of 
Apedodus priscus,' from the Catskill of northern Pennsylvania, 
examples of which are figured in plate i, figures i, 2, do not appear to differ 
from those of Holoptychius by any recognizable characters. On the other 
hand the accompanying Sauripterus taylori,^ founded on portions of a 
fish closely similar to Holoptychius, is proved by the less complicated struc- 
ture of the teeth and obtusely lobate condition of the pectoral fins, to agree 

' Whiteaves, J. V, Roy. Soc. Can. Trans, v. 6. (1889). g 4, p. 77, pi. 5, fig. 4. 

• Leidy, J. Acad. Nat. Sci. Phila. Jour. ser. 2. v. 3. 1856. p. 164, pi. 17, fig. 5, 6. 

3 Hall, J. Nat. Hist. New York, pt 4. Geology. 1843. p. 282, text fig. 130. The 
same specimen is further noticed by J. S. Newberry, U. S. Geol. Sur. Monogr. 1889. 
16: 112, but is not figured. Type preserved in the American Museum of Natural History, 
New York. 
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more closely with Rhizodonts, and is definitely assigned to that family by 
Woodward. The enlarged scale ornament of the type specimen described 
by Hall is shown in plate 7, figure 9. A fairly accurate concept of the 
appearance presented by several Crossopterygian and other typical Devonic 
fishes is afforded by the restoration given in text figure 35, for which we are 
indebted to Mr F, A. Lucas, author of Animals before Man in North 
America and other popular works. 
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The most commonly occurring scales of Holoptychius in the American 
Devonic, and at the same time the most widely distributed, are those of 
H. giganteus Agassiz, and H. americanus Newberry. They are 
found not only in the Catskill of New York and Pennsylvania, ( H. ameri- 
canus occurs in the Chemung of Delaware county as well), but also in the 
Upper Devonic of southwestern Colorado. The scales of H. giganteus 
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are very large, those of the abdominal region externally ornamented with 
close, thick, irregularly tortuous, longitudinal ridges, often branching and 
interrupted, more or less replaced posteriorly by rounded tubercles. In 
H. americanus the ridges are subparallel, strong, flexuous and some- 
times inosculating, but not broken up into tubercles or interrupted to any 
appreciable extent. H. halli Newberry, from the Catskill of Delhi, N. Y., 
is known by a unique example which displays a portion of the trunk, and is 
covered with smaller and thinner scales than those of H. americanus. 
The type of this species is preserved in the New York State Museum at 
Albany. Other species described from the Catskill of Pennsylvania are 
H. flabellatus, H. latus and H. serrulatus Cope; and from the 
Chemung of the same state are known H. fUosus Cope, H. granu- 
latus, H. pustulosus and H. tuberculatus Newberry. A single 
scale belonging to an undetermined species of Holoptychius is also reported 
by H. S. Williams from the Chemung of Wellsville, Allegany co., N. Y.' 

Family onychodontidaec 

Scales cycloidal, deeply overlapping. Head and opercular apparatus 
with well developed membrane bones. Dentary bone of mandible thin and 
deep, bearing a single close series of large conical teeth, flanked by an 
outer series of very minute teeth ; an azygous series of large more or less 
recurved teeth attached in front of the symphysis. Teeth plicated only at 
the base, with a central cavity; dentary teeth tipped only, presymphysial 
teeth completely enveloped with enamel. 

But a solitary genus, Onychodus, is at present known to represent this 
family, and its remains have hitherto been found only in a fragmentary con- 
dition. Such bones of the cranial roof and pectoral girdle as are known 
suggest a certain resemblance to the Holoptychiidae and Rhizodontidae. 
The tooth structure, however, is simple, and a conspicuous difference exists 
in the presence of a dentigerous presymphysial bone. The external bones 
and scales of the type species, O. s i g m o i d e s Newberry, are ornamented 

' Williams, H. S. On the Fossil Faunas of the Upper Devonic. U. S. Geol. Sur. Bui. 
4, 1887. p. 78. 
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with fine tuberculations, more or less conical, and radiately grooved. The 
clavicle is triangular in shape, with relatively large inferior limb ; and the 
infraclavicle is without an elongated ascending process. In this species, 
also, the presymphysial bone is very prominent, its teeth being much larger 
than those of the dentary. Remains of O. sigmoides are not uncom- 
mon in the Columbus and Delaware limestones of Ohio, and probably occur 
also in the Onondaga limestone of Leroy, N. Y. A few detached presym- 
physial teeth comparable in a general way to this species are also known 
from the Hamilton of Milwaukee, Wis., one such being figured in plate i, 
figure 3 ; others, with less pronounced sigmoidal curvature, are present in 
the Middle Devonic of the Eifel district. As an example of the latter a 
single tooth belonging to the Cambridge Museum is represented alongside 
of the Hamilton form in the same plate for comparison. 

By far the most abundant of any species of this genus is that which 
Newberry described under the name of O. h o p k i n s i, occurring typically 
in the Chemung of Delaware county, N. Y., but being also represented in 
enormous quantities in the basal bituminous layer of the Marcellus shale of 
the same State. The teeth are not satisfactorily distinguished from those 
of the type species, but are of prevailingly smaller size, and somewhat lesser 
curvature. The average length is stated by Newberry to be about i inch. 
This, together with the considerable stratigraphic interval separating them 
from O. sigmoides, probably furnishes sufficient reason for their main- 
tenance as distinct species. A series of five well preserved presymphysial 
teeth belonging to this species, from the Chemung of Franklin, N. Y. is 
shown in plate 3, figure 3. 

An undetermined species of Onychodus seems to be indicated by a 
few detached plates and other fragments from the Cedar Valley limestone 
(Mesodevonic) of Iowa, and Hamilton of Oran, Onondaga county, N. Y. 
A single detached scale from the latter locality, with characters indistin- 
guishable from those of the type species, is shown in plate 3, figure 2. 
Scales displaying a Coelacanthuslike ornamentation, but generically indeter- 
minate, occur also in the Portage beds of Livingston county, New York. 
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Order ACTINOPXERYOII 

Paired fins nonlobate, having an extremely abbreviated endoskeletal 
portion, and the dermal rays prominent. Caudal fin abbreviate-diphycercal, 
heterocercal, or homocercal. A single paired series of transversely elon- 
gated rays, with or without an anterior azygous element, developed in the 
branch iostegal membrane between the mandibular rami. 

Suborder CHONDROSXKI (Sturgeons) 

In these fishes, the oldest and most primitive of the Actinopterygii, the 
notochord is more or less persistent, the supports of the dorsal and anal fins 
are less numerous than the dermal rays opposed to them, the paired fins are 
more abbreviate than in the Crossopterygian order, and the tail is com- 
pletely heterocercal. Primitive sturgeons also differ from Crossopterygian 
fishes in the development of a paired series of transversely elongated bran- 
chiostegal rays to replace the pair of jugular plates between the mandi- 
bular rami ; infraclavicular plates, however, are retained in both groups. 
Nearly all of the older forms have a well developed rhombic and ganoid 
squamation. So far as known the chondrocranium is but little ossified, and 
the cranial bones are mainly dermal. 

The evolutionary history of the Sturgeon tribe has been thus briefly 
recapitulated by Professor Bridge in the following paragraph :' 

The Chondrostei are first represented in the Lower Devonic by the 
solitary Palaeoniscid genus Cheirolepis, a contemporary of the earliest 
Crossopterygii. They occur throughout the Mesozoic period, except in the 
Cretaceous, and also in the Eocene, and while steadily diminishing in 
number and variety, they gradually approximate to their degenerate and in 
some respects highly specialized descendants, the sturgeons and paddle- 
fishes of the existing fish fauna. Of the seven families included in the 
group, the Palaeoniscidae are the oldest and most generalized. The Platy- 
somidae are a specialized offshoot from the Palaeoniscidae, and, if they are 
rightly to be considered as Chondrostei, perhaps the same may be said of 
the problematic Helonorhynchidae. On the other hand, there are certain 
features which indicate an approach to fishes of an altogether more 
modern type. Finally, the Chondrosteidae represent a stage in a career of 

'Fishesy Ascidians, etc. Cambridge Natural History. 1904. p. 487. 
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degeneration, the climax of which is reached by the modern Polyodontidae 
and Acipenseridae. 

Family pa.la.e:oni8C[da.b 

Primitive Chondrostei with fusiform bodies, short dorsal and anal fins, 
and usually with a complete investment of articulating, rhombic, rarely 
cycloid, ganoid scales. Fulcra generally present at the bases of the median 
fins, and especially along the dorsal border of the upper caudal lobe. Ribs 
are not known to be present. Skull invested by a very complete series of 
paired dermal bones, which in number and disposition conform to the nor- 
mal Teleostome type. The secondary upper jaw includes both premaxillae 
and large maxillae ; and, as a rule, both the dentary and splenial bones of 
the lower jaw are dentigerous. Except for the absence of an interoper- 
culum, the opercular series of bones is complete, including numerous 
branchiostegal rays. There is a single small median jugular plate [Bridge, 
loc. czt. p. 486]. 

The earliest representative of this family, and of Sturgeons generally, 
is the genus Cheirolepis, which is remarkable for the very small size of its 
scales. The typical species, C. t rail! i, occurs in the Old Red Sandstone 
of northern Scotland, and another well preserved form, described by Whit- 
eaves as C. canadensis, is known from the Upper Devonic of the 
Province of Quebec. Aside from the Canadian form, no completely pre- 
served individuals are known from the Devonic rocks of this continent, 
although three species have been founded upon portions of the squamation. 
These latter have been doubtfully assigned to the genus Palaeoniscus, and 
are named as follows : P. antiquus and P. reticulatus Williams,* 
and P. devonicus Clarke.* The two first named are from the Portage 
beds near Buffalo, N. Y., and the last named, much better preserved than 
the others, is from the Rhinestreet (Portage) beds of Sparta, N. Y. The 
scale characters of the Portage species point to an association with the 
genus Rhadinichthys, and from their size and arrangement it is probable 

» Williams, H. U. Buffalo Soc. Nat. Sci. Bui. 1886. 5: 84, fig. 2. 

• Clarke, J. M. U. S. Geol. Sur. Bui. 16. 1885. p. 20, 41, pi. i, fig. a, 6. 
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that complete individuajs attained a length of about 15 cm. Similar 
detached scales are reported also from the Genesee shale at Glenville, 
N. Y., and in the equivalent Black slate of Kentucky. 

Rather better preserved than any of the last mentioned remains, yet 
unfortunately not affording precise indications of its relationships, is the 
trunk and imperfect head portion of a small, thick scaled, and relatively 
large finned Palaeoniscid fish from the Chemung of Warren, Pa. The 
squamation of one of the counterparts of this example is photographed in 
natural size in plate 9, figure 4, and an enlarged view of the abdominal por- 
tion in which the fins and dorsal ridge scales are \vell displayed, is given in 
plate 4, figure 11. Directly below in the same plate is shown an enlarged 
view of one of the pectoral fins, in natural association with the distorted 
plates of the jugular region. The form of body, position of fins and minute 
scale characters agree somewhat closely to the corresponding features of 
several small species of Rhadinichthys described by Dr Traquair from the 
Lower Carbonic (Calciferous sandstone series) of Scotland.' Nevertheless, 
owing to the present condition of the specimen, and the fact that it thus far 
remains unique, materials are lacking for framing a satisfactory specific 
diagnosis, or even for affirming with certainty that it belongs to the genus 
Rhadinichthys. Under these circumstances it appears inadvisable to desig- 
nate it by a distinct specific title. It is greatly to be hoped that further 
search may be rewarded by the discovery of more perfect material of this 
nature. 

* Traquair, R. H. Report on Fossil Fishes collected by the Geological Survey of 
Scotland in Eskdale and Liddesdale. Roy. Soc. Edinburgh Trans. 1881. v. 30, pt i, p. 

15-71. 
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SUMMARY AND CONCLUSIONS 
The immediate purpose of the foregoing section has been to present a 
systematic account of the fossil fishes known from a definite area of the 
American Devonic, with occasional notice of related extralimital forms. 
Distinguishing characteristics have been set forth with considerable fulness, 
and the descriptions of species follow the usual order of zoological classifi- 
cation. Their more general relationships have been pointed out, and the 
geological horizon is registered in all cases. An accumulation of details, 
such as is here brought together, is requisite for the identification of species 
and for an understanding of the material facts concerning them. We must 
first have an abundance of actual facts of this nature before it is possible to 
establish broad generalizations; and to acquire validity, these latter must 
repose upon the sum total of information now at our disposal in regard to 
Devonic fishes. Conclusions based upon the fauna of a circumscribed area 
can not have a wide application or significance unless brought into adjustment 
with our knowledge of antecedent, contemporary and later faunas, whether 
from the same geographical province, or from remote quarters of the globe. 
There are no other means for attaching significance to a truth except 
by perceiving its relations to other truths. Thus far we have been con- 
cerned principally in assembling, and to some slight extent in correlating 
recognizable truths ; in a word, facts of observation have been brought into 
orderly array. The next step is to examine them in their bearing upon 
other known facts, to deduce their general significance, and to assign to the 
results a commensurate worth in surveying the whole field of paleonto- 
logical inquiry. The ultimate yield of scientific study is the fruition of 
philosophical ideas. 

To obtain a large perspective of the body of facts at our disposal, it is 
desirable to marshal them in different ways, and to examine them from 
different points of view. Their relevancy from a geological standpoint 
needs consideration, with the object of drawing from them conclusions of 
geological import. In still larger measure it behooves us to consider 
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them as an increment to zoological science, compacting its substantial 
framework and vastly extending our knowledge of the evolutionary history 
of organisms. Are we proposing to ourselves an explanation of life, our 
vision must include not only living matter as we find it today, but 
also those manifestations of it that existed in the remote past. Side by 
side with the development of the individual we must examine the evolu- 
tionary history of the race. The more we learn of vital processes now 
operating, the better able are we to understand their operation in times 
anterior to our own. Comparisons that are enlightening when made 
between members of the modern fauna may often be profitably extended 
so as to include members of extinct faunas. Where the time element acts 
as an impediment to our studies it must be eliminated so far as possible. 
Zoology of the past does not differ in essence from zoology of the present, 
any more than ancient history differs fundamentally from modern. 

Among other large problems that suggest themselves in reviewing our 
knowledge of Devonic fishes are those relating to the habits and mode of 
life of the creatures represented, their adaptation to physical environment, 
the effects of such adaptation as manifested in their structural modifications 
and subsequent racial history, and finally the important topics of migration 
and geographical distribution. All of these issues, though subsidiary to the 
main theme, offer nevertheless fruitful fields for exploration. It would 
take us too far astray from the immediate purpose of this paper to consider 
all of these matters seriatim, particularly as materials are already at hand 
for those who may wish to pursue them further. For instance, in regard 
to the habits and mode of existence of ancient forms of fish life, many sug- 
gestive hints are contained in the writings of Claypole,' Dollo,' Jaekel,^ 
Kemna* and others. 



* Several papers in the American Geologist, particularly his posthumous one con- 
tained in volume 32 (1903), under the title, The Dnwnian Era in the Ohio Basin, 

^ Recent papers in Bulletin de la Society Beige de G^ologie, etc. 

3Neue Wirbeltierfunde aus dem Devon von Wildungen. Sitzungsber. Oesellsch. 
naturforsch. Freunde, no. 3, Jahrg. 1906. 

-♦ Les r^centes d^couvertes de poissons fossiles primitifs. Bui. Soc. Beige. 1904. 18" 

65-78. 
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A large and very important literature exists on the subject of faunal 
migrations in general, and geographical distribution, which will be referred 
to later. The question of adaptation to environment has been less fully 
treated than others in the above category, since, from the nature of the 
case, our information is more deficient in this respect. The viewpoint, 
however, is exceedingly instructive, and such light as is obtainable from it 
is most welcome. That we have not overstated the truth must be clear to 
all who have gained a right understanding of the working of this principle 
in analogous cases. As convenient an illustration as any is furnished by 
human history. One of the notable phenomena in the annals of mankind, 
and one of the most beneficent in its subtle and far-reaching consequences, 
is the marvelous civilization attained by the ancient Hellenes. Yet the 
unfolding and superb blossoming of the flower of Greek genius, together 
with its rare beauty while it lasted — this surprising spectacle utterly fails 
of comprehension except as we take account of influences of heredity and 
environment. To understand Athenian character and habits, or to attempt 
to account for that civilization which flourished, as Milton says 

Where on the Aegean shore a city stands 
Built nobly, pure the air, and light the soil, 

it is above all things imperative to understand the conditions of Attic soil 
and climate. For as soon as one inquires critically into the physical sur- 
roundings of the classical Athenian, one discovers that his culture is not 
primarily dependent upon his peculiar character, but is very largely the 
resultant of his outward circumstances, and influenced to a marked degree 
by his climate. One perceives, therefore, that ample justification exists for 
the following statement, taken from a very readable work on classical 
antiquity (Tucker's Life in Ancient Athens)^ with which we will conclude 
our remarks on this head : 

From the bare facts that the Athenian lived in a land which supplied 
a frugal and simple, but sufficient and wholesome diet, in a climate which 
makes for sociable outdoor life without producing languor, in an atmos- 
phere which sets off^ whatsoever things are shapely and beautiful, on a soil 
furnished with a plentiful supply of excellent material for plastic art — from 
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these simple facts should we start before we attempt to understand those 
ways which characterize what is loosely called his "civilization." 

There is yet another way in which we may view the sum total of facts 
resulting from paleontological inquiry, or even the small part of it which is 
here brought togfether. We may seek to interpret our collection of facts 
from the humanistic standpoint. Granted that this knowledge does not 
appreciably affect our vital interests, what is it worth to us in other respects ? 
How far does knowledge of this sort tend to enlarge human consciousness? 
lK>es reflection upon it tend to vivify our perception of the workings of 
natural law? And if so, does there not arise from fulness of perception a 
kc<*ncr sense of the nobility and dignity of the relation man bears to the 
wonderful planet he inhabits, and is there not a quicker response on his part 
to the suggestions which that clarified sense awakens ? There can be but 
out* answer to this last question. It is inevitable that there should be a 
prompt and vigorous response from within when once it is realized that 
** whatever else man may be, he is the sum of a series of actions linked with 
all that has gone on before upon this earth." The experience is no less 
vonuuou in paleontology than in other sciences that, after one has gained 
Hurtu iont insight, ideas and impressions of a certain sort enter our minds, 
0\<up<*>^ <H»r virion, and enlarge our mental horizon by elevating us to a 
yumnut of observation unattainable before. Possibly there belongs to pale- 
ontology an even larger quota of these emancipating conceptions than is 
\\\\v of other sciences, in view of its predominant historical interest — being, 
«^^ it Nvrre, a limitless extension of universal history. 

To realize to some extent what the loss of these emancipating concep- 
\\\i\\% NVOuUl mean to us, it is only necessary to contrast the olden-time idea 
vil siriUiiMi with modern evolutionary beliefs. Or, regarding the paleon- 
tv^lv^yi^'itl record as the continuous unfolding of consciousness, whose begin- 
uukyj^i iUT CiH*val with the origin of protoplasm, and whose crowning resultant 
I • \\u\\\, Nve may picture to ourselves the contracted outlook, the void in our 
kuowU'dyr, and the impoverishment of ideas that would be our portion in 
y.^'»r uv» donuntMUs had been preserved to instruct us of the far distant past. 
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Imagine our loss were the records of early human history obliterated. 
What would be our poverty had the grandeur of Rome been dissolved into 
a mass of meaningless ruins, had the splendid story of Greece and Athens 
been blotted out, had we remained unconscious that Marathon was ever 
fought, or that such a one as Socrates had ever lived ; had we no line from 
Homer, no thought from Plato, no inspired word from Palestine vibrating 
through the ages ! 

Again let it be said that conceptions of this nature are not foreign to 
the scope or peculiar province of paleontology. They are, in fact, inherent 
in all science ; they are not mixed with it, but combined with it, and hence 
do not properly form either its distillate or residuum. If there be any who 
question how far these ideas are relevant to the study of fossil fishes, we 
may be allowed to recommend all such to read the lives of Louis Agassiz 
and Hugh Miller, especially the recent character study of the latter by Mt 
Mackenzie (1906). An answer is recorded there so plainly that he who 
runs may read. Wherever the work of Miller is remembered and appreci- 
ated, it is not for the value of his discoveries, nor for his contributions to 
science, but for the native shrewdness, clearness, intensity and discernment 
with which he drew philosophical conclusions from the study of nature. 
And his impulse in this direction was first quickened and set in motion by 
his discovery of fish-bearing nodules in the Old Red sandstone of the north 
of Scotland. We can not forbear in this connection to quote the following 
passage from an address delivered a few years ago by M. Albert Gaudry, 
president of one of the sections of the French Academy : * 

Quand on passe k Cromarty, dans le Nord de TEcosse, on aper9oit une 
colonne erigee en I'honneur de I'ouvrier carrier Hugh Miller ; en cassant des 
pierres, Touvrier de Cromarty admirait qu*on y trouv^t des creatures fossiles, 
et il en tirait des pensees si hautes qu'il est devenu un des paleontologistes 
c^l^bres de la Grande-Bretagne. Beaucoup de gens sont comme Miller : 
c'est chose ^tonnante que Tardeur avec laquelle, dans tous les pays du 
monde, on brise les roches pour surprendre les secrets des temps passes : 
b^tis hier, les Musses de paleontologie sont aujourd'hui trop petits. 

'Discours h rAcademie des Sciences, tenu le 21 d^cembre, 1903. Si^e also the 
addresses contained in the memorial volume entitled The Centennary of Hugh Miller^ printed 
at Glasgow, 1902. 
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ZOOLOGICAL CONCLUSIONS 

In the short space remaining at our disposal we can not dwell further 
upon these broader, more general topics, and may as well confine ourselves 
to a brief review of the more obvious zoological and geological considera- 
tions resulting from a study of Devonic fishes. Those desirous of consult- 
ing a full account of the introduction and succession of the class Fishes, as 
revealed by the paleontological record, will find this subject adequately 
treated in the third volume of ZitteVs Handbook of Palaeontology^ and in 
Smith Woodward's admirable compendium. Outlines of Vertebrate Palaeon- 
tology. Other useful works of a more popular character are Dean's Fishes, 
Living and Fossil, and Jordan's recent comprehensive treatise, A Guide to 
the Study of Fishes, in two well illustrated volumes. An article aiming to 
give a recapitulation of the essential facts of paleichthyology is contained 
in the Annual Report of the New Jersey Geological Survey for 1904, and 
another dealing with the general principles of piscine evolution, is the presi- 
dential address of Dr A. S. Woodward,* printed in the Proceedings of the 
Geologists* Association for 1906. 

The last mentioned paper is remarkable for its breadth of treatment of 
several burning problems in the study of fossil fishes, as it is now pursued, 
attention being called particularly to the following : 

1 The nature and order of the successive advances in anatomical struc- 
ture which have suddenly infused new life into the class — the "expression 
points" as Cope termed them. 

2 The new possibilities of development whijch arose with each successive 
** expression point." 

3 The direction of the various abortive lines of advance and degene- 
ration in each successively higher grade. 

The results of such an investigation have obviously the same far- 
reaching significance as those derived from a study of evolutionary series 
of Cephalopods, to cite only one group of invertebrates that has been pro- 



■Thc Study of Fossil Fishes. Proc. (leol. Ass*n. 1906. 19: 266-82. An abstract of 
thin addri'MM is given in Xature 1906. 74: 597-99, 
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lific in information concerning problems of organic descent. The results 
have, in the author's opinion, an important bearing on the most fundamental 
questions concerning ** living" matter as contrasted with ** dead " matter ; 
for, as stated by Dr Woodward, ** we are much more likely to approach 
some explanation of life by studying the secular development of whole races 
than by examining the vital processes of individuals or by comparing the 
members of a single contemporaneous fauna." 

A number of concrete illustrations are given in the paper referred to 
for the purpose of rendering more intelligible the general outcome of 
paleichthyological study. The range of examples naturally covers all 
periods, but in the case of Paleozoic fishes, it is doubtful if a better selec- 
tion could be made for emphasizing the larger lessons to be drawn from our 
local faunas, and others in eastern North America. For instance, Ostraco- 
phores illustrate the principles governing the development of dermal armor ; 
Acanthodian sharks offer suggestive hints concerning the manner in which 
paired fins originated ; Crossopterygians and Dipnoans illustrate the trans- 
formation of paired limbs into paddles ; and among Chondrosteans, early 
Paleoniscids enlighten us as to the beginning of effective fins. 

An interesting generalization based upon examples occurring among 
many groups is that all races which do not progress tend to become repre- 
sented by eel-shaped species in their latter days. We find this to be true 
of Acanthodians, which declined toward the close of the Paleozoic, and 
became extinct in the Permian. Their fins, being essentially skin structures, 
were incapable of the fixation and stiffening by osseus rods after the fashion 
elaborated by competing groups ; hence they gradually became worsted in 
the struggle, and, as they declined, their changed habits superinduced an 
altered form of body. Devonic species having the graceful fusiform pro- 
portions characteristic of the fleet swimmers become replaced in the Carbonic 
by unwieldy, overgrown, round bodied creatures like Gyracanthides (text 
fig. 17, p. 87), that were evidently mud grovelers in land-locked seas and 
estuaries ; and the latest Permian representatives are almost eel-shaped. 
It is probable also that the extinction of Arthrodires at the close of the 
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Devonic was signalized, in some cases at least, by the development of 
anguilliform types, a very excellent illustration being furnished by one of 
the three species of Mylostoma referred to on page 149 of this Memoir.' 
We are confronted, too, in the modern fauna with a scant number of 
Dipnoan and Crossopterygian survivors which exhibit the usual long- 
bodied or eel-shaped contours of decrepit derelicts. 

It will be profitable for us to note some of the instructive examples 
offered by Smith Woodward for illustrating the development of paired fins, 
and also those that foreshadow adaptation to a terrestrial habitat. These 
are among the most important conclusions that can be drawn from the 
standpoint of comparative anatomy and phylogeny, and inasmuch as they 
have a direct bearing upon our study of the local fauna, we may allow the 
author to develop them for us in his own words. The following passage is 
taken from the presidential address above referred to : 

Dawn of paired fins. No link is known between the Ostracoderms (or 
Ostracophores) just described and the typical fishes which have a lower jaw 
and paired fins ; and it is evident that the latter had already appeared in 
Silurian times before they possessed a skeleton hard enough to be preserved 
among fossils. The Silurian and earliest Devonian Acanthodians, however, 
can not be far from the beginning of these typical fishes, and they seem to 
show how paired fins began. 

These very old Acanthodians are known because they are completely 
covered by small, hard skin granules like those of the oldest fossilized 
Ostracoderms. Not only did the armour begin here in the same way as in 
the Ostracoderms, but there was also an occasional fusion of the skin 
granules into plates where stiffness was possible or necessary. A few rows 
of the granules fused together at the front edge of the median fins above 
and below the body, thus forming cut waters or "spines" ; and as a double 
series of exactly similar ** spines " occurs along the lower border of the 
abdomen where the two pairs of fins are found in later fishes \cf. text fig. 17], 
it is reasonable to infer that these are likewise the stiffened front edges of 
fins. In other words, paired fins were not originally restricted to two pairs, 
but formed a double series along the entire length of the abdomen. There- 
fore, if the separate median fins were produced by the subdivision of a 
primitively continuous median membrane along the back and the lower side 

' A new species, to be described under the name of Mylostoma newberryi in 
a forthcoming number of the Bulletin of the Museum of Comparative Zoology, 50: 224. 
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of the tail, the paired fins arose similarly by the subdivision of continuous 
membranes which extended as a symmetrical pair along the outside walls 
of the body cavity. Even in the fashionable Acanthodians of the Silurian 
and Lower Devonian periods {e. g. Climatius) the foremost and hindmost 
pairs of spines were somewhat larger than the others ; and in all later mem- 
bers of the group the intermediate "spines" dwindled to insignificance 
(Mesacanthus) or disappeared (Acanthodes), so that only the two normal 
pairs of fins remained. 

Paired fins as paddles. It is, of course, possible that the fins of the 
Acanthodians were stiffened by some kind of internal cartilage which was 
never hard enough for fossilization ; but this seems improbable, because 
even the stout arch to which the pectoral fins are fixed is shown by micro- 
scopical examination to have been entirely a skin structure, and does not 
appear to have ensheathed any internal cartilage. There must, however, 
have been some primitive allies of the Acanthodians with their pairs of fins 
reduced to the normal two, in which the stiffening was attained by internal 
rods of cartilage instead of mere skin structures ; for a long-bodied (and 
thus senile) survivor of this allied tribe occurs in the Upper Devonian of 
Ohio [Cladoselache, text fig. 14, p. 55]. Here the fin flaps are strengthened 
inside by a row of simple parallel bars of cartilage, which exhibit a tendency 
to be squeezed together. 

The early fishes which had reached this stage were prepared for further 
advance. Those which failed to make any progress in their skin skeleton 
experienced very slight changes in their whole anatomy, and gradually 
passed into the modern sharks and skates. Those in which the skin skele- 
ton always remained extensive, and soon took the form of symmetrically 
arranged bony plates and scales, rapidly became developed into the higher 
fishes which swarm today. 

Fin flaps stiffened by internal rods of cartilage are essentially paddles, 
and could be used for crawling in the mud as well as for ordinary swimming 
in water. It is therefore interesting to observe that during the Middle and 
Upper Devonian periods, when four-legged lung breathers'must have been 
just beginning to appear on the land, all the highest fishes had their fins in 
the shape of paddles. It seems as if at that time there was a general 
tendency for the fashionable and most advanced fishes to become crawlers 
rather than swimmers ; and there can not be much doubt that the known 
Crossopterygii, or ** fringe-finned ganoids," as these fishes are commonly 
termed, are the unsuccessful survivors of the race which originally produced 
the earliest crawling lung breathers or Labyrinthodonts. . . It is one of 
the problems of paleontology to determine the exact relationships between 
the paddle-finned fishes and the lung breathers by the discovery of perhaps 
Lower Devonian links. 

As fishes, the Crossopterygii were obviously not a success, for they 
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could never be active swimmers, and before the close of the Paleozoic epoch 
most of them had become extinct. The only widely spread family during 
the Mesozoic epoch was that of the Coelacanthidae, which became degene- 
rate through having lost some of its head bones and most of its tail ; while 
the sole survivors at the present day are the eel-shaped Polypterus and 
Calamoichthys found in the fresh waters of Africa. The Coelacanthidae 
are often quoted as one of the best illustrations of a "persistent type," for 
they scarcely changed between the Lower Carboniferous and the Upper 
Chalk. They are, indeed, like most persistent types, organisms in which 
structural changes took place in the wrong order — not in the order which 
insured advancement. 

The Dipnoi, or paddle-finned fishes, which breathe both by gills and 
by a modified air bladder (almost a lung), were also especially abundant 
during the Paleozoic. In having the fundamental part of the upper jaw 
fused with the skull instead of loosely suspended from it, the Dipnoi agree 
more closely with the land animals than do the Crossopterygii ; but before 
this feature had been acquired, the roof bones of the skull had subdivided 
into smaller plates, such as could not have changed into the skull bones of 
an ordinary Labyrinthodont, while the teeth had clustered into plates, so 
that they could never have produced the Labyrinthodont dentition. The 
essential change in the Dipnoan skeleton which led towards the land ani- 
mals thus occurred too late, after other changes had rendered advance 
impossible. The result was that with the dawn of the Triassic period the 
Dipnoi made their nearest possible approach to the higher grade of life in 
the genus Ceratodus, which still survives almost unchanged in the rivers 
of Queensland ; while the latest members of the group degenerated to mere 
eel-shaped animals (Lepidosiren and Protopterus), which live in the fresh 
waters of South America and Africa. 

Development of efTective fins. The next grade of fishes, the Chondrostei, 
which specially characterized the Carboniferous and Permian periods, had 
fins in which the internal cartilages formed only an effective basal support, 
while the greater part of their expanse was stiffened by flexible skin fibers, 
which had become ** fin rays." Some of these fishes degenerated into eel- 
shaped creatures in the Triassic, Rhaetic and Liassic periods, while others 
grew to unwieldy proportions and eventually passed into the modern stur- 
geons. . . The median fins became absolutely complete in the Proto- 
spondyli, after the upper lobe of the tail had shortened so that the tail fin 
formed a flexible fan-shaped expansion at the blunt end of the body, while 
each separate ray in the other median fins was provided with its own definite 
support. The Protospondyli characterized the Triassic and Jurassic periods, 
and exhibited endless variety ; but their sole survivors at the present day 
are the long-bodied Lepidosteus and Amia of American fresh waters. 

Associated with almost the earliest Protospondyli, there were a few 
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precocious fishes which evidently completed their vertebral column at once. 
This race, including such genera as Pholidophorus and Leptolepis, seems 
to have temporarily exhausted itself in the effort, for it always occupied a 
secondary place in the fish faunas until the beginning of the Cretaceous 
period, when it rapidly multiplied, became fashionable, and replaced the 
Protospondyli. Thus arose the modern fishes, of the same grade as the 
herring and salmon, characterized not only by a complete vertebral column, 
but also by a simplified lower jaw, which consists only of two pieces on each 
side (without the splenial bone which forms so conspicuous a feature of the 
earlier fishes'). The Isospondyli, as they are termed, being thus provided 
with a completely bony internal skeleton as well as completed fins, admitted 
of many more variations than any of their forerunners. 

Among fishes, as among other animals, spines characterize only the 
latest representatives of the class. The Acanthopterygii (" spine-finned ") 
are thus the highest and latest fishes of all, though they sometimes eventu- 
ally descend from their high estate by degeneration. They exhibit all the 
peculiar changes in the skull, upper jaw, and pelvic fins noticed at first 
appearing in a variable manner in the Cretaceous Isospondyli. . . The 
spiny-finned fishes began by Berycoids and possibly Scombroids in the 
Chalk, closely resembling, but not identical with genera living at the present 
day. By the Eocene period, however, nearly all the modern groups of 
Acanthopterygii had become completely separated and developed, and their 
sudden appearance is as mysterious as that of the early Eocene Mammalia. 

GEOLOGICAL CONCLUSIONS 
It will be convenient to include under this head certain topics whose 
practical bearing is of chief interest to the geologist, although the evidence 
involved is partly zoological, and in still larger part geographical, or paleo- 
geographical. We refer to such matters as relate to the areal and vertical 
distribution of Devonic fish life, the dispersion of new types and varieties, 
migration, succession and occasional recurrence of faunas, and indications 
furnished by the fossils themselves in regard to climatal and physical con- 
ditions, either those of local nature, or others prevailing over wide areas. 
Thus, by way of illustration, we are able to affirm from the general com- 
plexion of ancient faunas, that the climate of arctic regions was notably 
warmer during the Devonic and late Paleozoic than at subsequent periods. 
We are in possession, also, of a large fund of evidence regarding migra- 
tional movements, and can delineate with great exactitude a number of 
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them as an increment to zoological science, compacting its substantial 
framework and vastly extending our knowledge of the evolutionary history 
of organisms. Are we proposing to ourselves an explanation of life, our 
vision must include not only living matter as we find it today, but 
also those manifestations of it that existed in the remote past. Side by 
side with the development of the individual we must examine the evolu- 
tionary history of the race. The more we learn of vital processes now 
operating, the better able are we to understand their operation in times 
anterior to our own. Comparisons that are enlightening when made 
between members of the modern fauna may often be profitably extended 
so as to include members of extinct faunas. Where the time element acts 
as an impediment to our studies it must be eliminated so far as possible. 
Zoology of the past does not differ in essence from zoology of the present, 
any more than ancient history differs fundamentally from modern. 

Among other large problems that suggest themselves in reviewing our 
knowledge of Devonic fishes are those relating to the habits and mode of 
life of the creatures represented, their adaptation to physical environment, 
the effects of such adaptation as manifested in their structural modifications 
and subsequent racial history, and finally the important topics of migration 
and geographical distribution. All of these issues, though subsidiary to the 
main theme, offer nevertheless fruitful fields for exploration. It would 
take us too far astray from the immediate purpose of this paper to consider 
all of these matters seriatim, particularly as materials are already at hand 
for those who may wish to pursue them further. For instance, in regard 
to the habits and mode of existence of ancient forms of fish life, many sug- 
gestive hints are contained in the writings of Claypole,' Dollo,* Jaekel,^ 
Kemna* and others. 



'Several papers in the American Geologist, particularly his posthumous one con- 
tained in volume 32 (1903), under the title. The Da^onian Era in the Ohio Basin, 

* Recent papers in Bulletin de la Society Beige de Geologic, etc. 

3Neue Wirbeltierfunde aus dem Devon von Wildungen. Sitzungsber. (fesellsch. 
naturforsch. Freunde, no. 3, Jahrg. 1906. 

* Les rt^centes d^couvertes de poissons fossiles primitifs. Bui. Soc. Beige. 1904. 18: 

65-78. 



DEVONIC FISHES OF THE NEW YORK FORMATIONS 185 

intercommunication existed during the mid-Devonic between the typical 
lowan and Eurasian faunas by means of a northeasterly passageway 
through Manitoba, Hudson and James bays, Greenland, Spitzbergen and 
circumpolar regions.' More recently, however, weighty objections have 
been opposed to this theory, and it has been asserted very emphatically by 
Professor Schuchert* that there is not the slightest reason to connect the 
Hudson and James Bay Devonic with that of the Dakota sea (or western 
intercontinental province). It is further denied by the same author that this 
latter province was in connection with a southern ocean, extending into 
Brazil, until Hamilton time. On the other hand students are agreed that 
communication was maintained between the Appalachian province and 
that of the southern hemisphere during the mid-Devonic. Concerning the 
pathways that were open between the Appalachian and Eurasian provinces 
during the Middle and later Devonic there are still some differences of 
opinion. 

It will be observed accordingly, that the Devonic in this country was 
preeminently an era of provincial development of marine faunas. Further- 
more it appears that diversity in this respect is more strongly marked in 

"Weller, S. Composition, Origin and Relationships of the Corniferous Fauna in the 
Appalachian Province of North America. Jour. Geol. 1902. 10: 423-32. Compare also 
an earlier paper by the same author on interpretation of Silurian faunas. Jour. Geol. 1898. 
6:692-703. This theory is adopted by L. Hussakof in explaining the distribution of 
Devonic fishes. Cf. Amer. Mus. Nat. Hist. Mem. 1906. 9: 137. 

"Schuchert, C. On the Faunal Provinces of the Middle Devonic of America, etc. 
Amer. Geol. 1903. 32: 137-62; Ulrich, E. O. & Schuchert, C. Paleozoic Seas and Bar- 
riers in Eastern North America. N. Y. State Mus. Bui. 52. 1902. p. 633-63. Among other 
suggestive papers dealing with faunas and provinces and migrations during the Devonic 
one may consult the following by Dr J. M. Clarke: Outline of the Geologiral Succession in 
Ontario County. N. Y. State Geol. 4th An. Rep't 1884. (1885) p. 9-22; The Her- 
cynian Question. Ibid, 8th An. Rep't 1888. (1889) p. 61-91; The Stratigraphic and 
Faunal Relations of the Oneonta Sandstone etc. Ibid. 15th An. Rep't 1895. (1897) 
1:31-81; The Naples Fauna in Western New York, pt i. Ibid. i6th An. Rep't 1896. 
(1899) p. 29-162; pt 2. N. Y. State Mus. Mem. 6. 1904. p. 199-454; Marcellus Lime- 
stone of Central and Western New York. N. Y. State Mus. Bui. 49. 1901. p. 115-38; 
Indigene and Alien Faunas of the New York Devonic. N. Y. State Mus. Bui. 52. 1902, 
p. 664-84. 
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the Appalachian region, where there were varying conditions of sedimen- 
tary deposition, than in the Cordilleran and continental border regions, 
where these conditions were more uniform. Thus, in the eastern province, 
as Professor Williams has pointed out, diversity and alternation of deposits 
is accompanied by numerous successive and distinct faunas ; in the extreme 
western regions, uniformity of prevailing calcareous sedimentation for long 
periods is characterized by the abnormally long continuance of many 
Devonic species ; and the central continental province, midway between 
the two, is marked by the unmistakable recurrence of Devonic species well 
along into the Carbonic. Another noteworthy feature of the Devonic 
which has been developed very fully and clearly by the painstaking investi- 
gation of Dr Clarke is that faunal changes within the ancient Appalachian 
sea are sometimes so precisely indicated that it is possible, as in the case of 
the Portage group, to trace the boundaries not only of local provinces, but 
of local subprovinces characterizing the stage in question. Thus, the 
Genesee province of the Portage is divided into Chautauquan and Naples 
subprovinces on the basis of differences in their faunal facies ; and an inter- 
esting peculiarity of the Naples subprovince is that, as stated by Dr Clarke, 
** with contemporaneous faunas of the Appalachian gulf " its fauna ** has in 
its purity no organic relation, direct or sequential."' 

It is very necessary to understand this matter of the provincial charac- 
ter of Devonic faunas in North America. Also, in tabulating the facts of 
distribution, one must keep in mind the inferred lines of intercommunica- 
tion between those provinces that were connected, as well as the position 
of barriers between others that are known to have been separated. The 
data upon which our information in regard to these matters reposes have 
been brought together chiefly by workers in invertebrate paleontology, and 
as the evidence at their disposal is enormous as compared with that 
obtained from a study of the vertebrates alone, no deductions drawn from 
the latter are likely to prejudice the results depending upon a different class 

' Clarke, J. M. The Naples Fauna in Western New York. N. Y. State Mus. Mem. 6. 
1904. p. 382. 
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of remains. In point of fact, no discoveries of fossil fishes have yet been 
made which tend to contradict or discredit conclusions already established 
on the basis of fossil invertebrate evidence. The known distribution of the 
former is in all respects consonant with, and one is tempted to add, con- 
firmatory of the principles that have been formulated from a study of the 
latter. We find simply that the more mobile free-swimming contingent of 
Devonic faunas followed the same routes and penetrated, probably with 
greater facility, into the same areas as the slower moving invertebrate 
associates of the original fauna, wherever we are able to trace its 
migrations. 

Nevertheless, some facts relating to the distribution of Devonic verte- 
brates stand out with such distinctness as to attract particular attention. 
The earlier Devonic horizons in New York State are singularly deficient in 
fish remains, and the faunas that appear successively in the Meso- and 
Neodevonic are introduced with little or no foreshadowing, save that the 
members of the Hamilton fish fauna are largely a residuum or evolution 
product of the preceding Onondaga congeries. Clearly, however, the Meso- 
devonic fish faunas are not indigenous in the Appalachian basin, for we 
meet with practically the same assemblage in rocks of equivalent age else- 
where, as for instance, in the Eifel district (Calceola beds) and Bohemia 
(Stages F* and G'-G^) ; and besides, the Oriskanian fauna contains no ele- 
ments, so far as known, out of which the Onondaga might have developed. 
The vertebrate portion of the latter is, therefore, quite unmistakably an 
immigrant fauna. That it did not come in from the northeast may be 
asserted with equal confidence, for none of its members are represented in 
the maritime provinces of eastern North America, nor indeed, in the Lower 
Old Red sandstone of North Britain, Greenland or Spitzbergen. As in the 
case of the majority of invertebrates,' the Onondaga fish fauna came in from 
the west, and in course of time very probably withdrew westward, many of its 
characteristics persisting into the Hamilton of the western interior province. 

* Clarke, J. M. Indigene and Alien Faunas of the New York Devonic. N. Y. State 
Hus. Bui. 52. 1902. p. 668. 



1 88 NEW YORK STATE MUSEUM 

The Hamilton piscine fauna is so obviously the descendant of the preceding 
Onondaga, and these two together have so much in common with the 
Eifelian, Bohemian and Russian Mesodevonic, as to confirm in the strongest 
possible manner the contention of Professors Clarke and Schuchert that the 
Ulsterian and Erian should be recognized as divisions of the Middle 
Devonic. 

Attention has been called by Professor Schuchert to the similarity 
between the Middle Devonic fauna of the Hudson Bay region, and that of 
the Mississippian Onondaga. A number of considerations are proffered to 
show that while each of these faunas has its individual facies, yet both are 
of that type which characterizes the American, in contradistinction to the 
Eurasian province ; and moreover, they differ both in horizon and facies 
from the Stringocephalus zone of western and northwestern Canada. It is 
inferred, accordingly, that the Hudson Bay Devonic area was entirely shut 
off from communication with the Dakota sea, but on the other hand it is 
thought probable that intermittent connection existed between the former 
basin and the Mississippian sea. An opening is also posited by the same 
writer, lasting throughout the Devonic, between the Appalachian and 
Eurasian provinces, the route leading through the so called Connecticut 
straits, thence along the Gulf of St Lawrence and across the Atlantic. 
Having established what seems to him a reasonable basis for the propo- 
sitions just stated, Professor Schuchert sums up his conclusions in regard 
to Middle Devonic faunal distribution in the following paragraph : 

The Onondaga fauna is the outgrowth of the Oriskanian fauna of the 
North Atlantic type plus the migration during Onondaga time of other 
North Atlantic forms by way of the Connecticut trough and invasions from 
the far south through the Indiana basin. The Hamilton fauna is the descend- 
ant of that of the Onondaga plus North European migrants by way of the 
Connecticut trough, South American arrivals by way of the Indiana basin, 
and slight invasions from the Dakota sea by way of Traverse straits. These 
three openings then remained in existence during the greater part of Upper 
Devonic time.' 

'On the Faunal Provinces of the Middle Devonic of America etc. Amer. Geol. 
1903. 32: 156-162. 
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This rather full statement in regard to conceptual waterways has been 
made not for the purpose of criticism, but in order to synthesize as far as 
possible certam elements of apparently conflicting nature. The test of a 
sound judgment is its ability to unify various and sometimes even dissonant 
concepts. In the present instance it becomes necessary to reconcile with 
the evidence furnished by Helderbergian and Oriskanian invertebrates in 
favor of an invasion from the northeast, certain other evidence that appears 
at first sight discordant, namely, the failure of any Lower Devonic verte- 
brates to take part in the migration. As will be seen from an inspection 
of the faunal lists given on pages 13 and 14, the abundant and rather 
diversified fish fauna occurring in the synclinal basin of the Restigouche 
near Campbellton, N. B., is without a single representative in rocks 
of Lower or Middle Devonic age in the Appalachian province. No 
traits are observed in the Onondaga or Hamilton fish faunas which can be 
ascribed to an immigration from eastern Canada by way of the putative 
water route called by Clarke the ^^Appalachian strait," and by Dana 
the ** Connecticut trough," which is supposed to have been open during 
the late Siluric and greater part of the Devonic. None of the Appalachian 
Mesodevonic vertebrates can be regarded as the genetic descendant of 
forms that existed at an earlier period in the maritime provinces in eastern 
North America. The problem is to reconcile this diversity of evidence 
without contradiction, and it is believed that a solvent will be found in Dr 
Clarke's recent determination of the Gasp^ sandstones as of later than 
Oriskanian age. 

In his sketch of the geology of Perce, published in 1904, Dr Clarke 
declared that the fairly rich marine fauna of the lower beds about Gasp^ 
basin reveals evidence of both early and late Devonic age, and that the 
prevailing sedimentation is of the same aspect as characterizes both in New 
York and Europe the deposits of the Devonic or Old Red lakes and 
lagoons.' This preliminary statement strikes at the root of the whole 
matter, and sounds the keynote of an interpretation which has since been 

*Perc^, a Brief Sketch of its Geology. N. Y. State Mas. Bui. 80. 1904. p. 142. 
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more fully evaluated by the skilful New York State Geologist. The results 
of his extended investigation of the invertebrate paleontology of the Gaspd 
Devonic remain as yet unpublished, but an idea of their general import 
may be gathered from the following extract from a private communication, 
which we are enabled to present here through the courtesy of Dr Clarke : 

The profusion of evidence that has been obtained from a study of 
invertebrate paleontology seems indubitably to indicate that the Gaspd 
sandstones are not of the geological age assigned to them by Logan and 
the Canadian geologists generally. That is to say, they are not Oriskanian, 
for, though they contain certain Oriskany species, these are the survivors 
of the earlier limestone faunas of that region persisting during the incursion 
of a distinctively Hamilton Lamellibranch and Brachiopod fauna from the 
southwest. 

Dawson subdivided the Gaspd sandstone into three parts : the lower 
division coordinated with the Oriskany and Onondaga; the middle, equiva- 
lent to the Hamilton group ; and an upper conceived to be equivalent to 
the Chemung. This entirely arbitrary subdivision was based upon the dis- 
tribution of the terrestrial flora, and is not, I think, in any way borne out 
by the present evidence. The weakness of the comparison lies in the 
attempt to correlate with true marine deposits the very heavy mantle of 
sands of telluric, delta or lagoon origin conformable in every way physio- 
graphically to the Old Red deposits elsewhere, the few marine fossils which 
it contains being the accumulation of overwash from outside during times 
of stress. Ells and Low have suggested the probability that the fish-bearing 
beds at Scaumenac and Campbellton were laid down in an area separated 
from the more northerly region by barriers of old land, and in my judgment 
this is an entirely probable condition, not eliminating the possibility of con- 
nection between the two basins at some point further westward. 

Indeed, as early as 1883, it was noted by R. W. Ells that a number of 

invertebrate fossils from the northern limit of the Gaspd Devonic were 

** strongly typical of the Hamilton formation,"' thus leading to the inference 

that ** the Gaspe sandstone series, of the coast, is probably of the same age, 

though the absence of typical shells in a large portion of it makes their 

separation more difficult." The same author had previously described the 

beds at Campbellton, N. B., before they were found to contain fish 

remains, and had pronounced upon their equivalence with the lower 

'Geol. Sur. Can. Rep't of Progress 1883. (1884) p. 23E. 



DEVONIC FISHES OF THE NEW YORK FORMATIONS I9I 

part of the Gasp^ sandstones/ This opinion was based upon evidence of 
paleobotany, and, having been confirmed a few years afterward by J. W. 
Dawson,' is now generally accepted. Indeed, Logan seems to have enter- 
tained similar views as early as 1863 [Geol. Can. p. 450]. As for the 
plant and fish bearing beds at Scaumenac bay, on the Quebec side of the 
Restigouche, these are asserted by Dawson to be ** no doubt the equivalents 
and continuation of the upper part of the Gasp^ sandstones." In the 
absence of a more precise indication of their age, these beds are commonly 
referred to as Upper Devonic, and their vertebrate content favors that 
conclusion. 

In the light of Dr Clarke's coordination of the Gaspd sandstone series 
with rocks of Postoriskanian age, we are no longer required to look in that 
direction, nor to the probably contemporaneous Campbellton fauna for the 
origin of the Onondaga fish fauna found in New York State. On the 
other hand it may be conceded as rather more likely that there was some 
movement among vertebrate organisms in the reverse direction, for such an 
hypothesis would account for the presence of a typical Onondaga species, 
Machaeracanthus sulcatus, at different levels in the Gasp^ series 
(Logan's Divisions i and 6).^ The genus Cephalaspis is common to both 
the Gasp^ series and Campbellton beds, and together with the majority of 
forms from the latter horizon is indicative of Old Red sandstone conditions.* 
Reverting now to the Hudson Bay Middle Devonic fauna, we find 
that, as listed by Whiteaves, it is unmistakably of about the same age as 
the Onondaga. According to Schuchert, its faunal facies ** is more that of 
the Mississippian type than any other known in America." This similarity 

^Ibid^ Rep't of Progress 1879-80. p. loD-i^D. 

* Dawson, J. W. The Fossil Plants of the Brian (Devonian) and Upper Silurian 
Formations of Canada. Geol. Siir. Can. pt 2. 1882. p. 49. 

3Geol. Can. 1863. P» 3951 Palaeozoic Fossils. 1874. pt i, 2:3, 4. Lankester, E. R. 
Geol. Mag. 1870. 7:398, fig. 3. 

* Concerning the supposed evidence of Cephalaspis from the Lower Old Red sandstone 
series of -Spitzbergen, see Smith Woodward's paper on "The Devonian Fish-fauna of 
Spitzbergen," in Ann. & Mag. Nat. Hist. 1891. (6) 8: 3. 
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IS therefore held to indicate that there was at least intermittent connection 
between the two basins during Onondaga time, and persisting well into the 
Hamilton. It is admitted, however, that the question as to how the stream 
of migration entered the Hudson Bay area during the Middle Devonic is 
not so easy to answer.' Precisely at this point some light is thrown on 
the problem by vertebrate paleontology. A number of specimens of 
Macropetalichthys sullivanti (— M. rapheidolabis) are 
recorded by Bell and VVhiteaves from the country immediately west and 
south of Hudson and James bays.' This exclusively Onondaga species 
(Mr Schuchert inadvertently calls it a Hamilton fossil) is most abundant in 
Ohio and Indiana, and decidedly less common in New York State. The 
same genus, represented by some two or three species, occurs also in the 
Eifelian Devonic, which is equivalent practically to the Onondaga, and in the 
slightly earlier horizon in Bohemia designated as ^tage G'. No trace of it 
occurs, however, in the Mesodevonic of the maritime provinces of eastern 
North America. One may readily infer that this genus and its various associ- 
ates are indigene in Bohemia, a part of the vertebrate fauna from ^tage G' 
being inceptive in etage F\ Thence it spread northeastward into Russia, 
westward into the Eifel District, and northwestward into the Hudson and 
James Bay region. From this latter region we may suppose it to have 
passed southward through Ontario by means of a passageway connecting 
with the Appalachian gulf over the area that is now occupied by Ohio and 
Indiana, where the fauna reached its climacteric. The most conspicuous ele- 
ments of the fauna are Arthrodires and Ptyctodonts, groups which began 
immediately upon their introduction to attain a most remarkable develop- 
ment. Throughout the Hamilton and later Devonic, conditions must have 
been eminently favorable in the Appalachian sea for the further specializa- 
tion of armor-clad Dipnoans of the type represented by Dinichthys and its 
congeners. Like their earliest predecessors, they became of greatest 
importance locally in Ohio. 

^Zoc. r/V. p. 156. 

■Geol. Sur. Can. Rep't of Progress. 1875-76. p. 319. 
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A glance at the following table will suffice to show the close corre- 
spondence, as regards at least their vertebrate contents, between the 
Appalachian Mesodevonic and equivalent horizons of eastern Canada and 
central Europe. 



FAUNAL LIST SHOWING DISTRIBUTION OF MIDDLE DEVONIC FOSSIL 

FISHES 



GENERA 



Acanthaspis - - 
Cladodus - - 
Rhynchodus - - 
Ptyctodus - - 
Palaeomylus 
Cyrtacanthus - - 
Acantholepis 
Machaeracanthus 
Dipterus - - 
Macropetalichthys 
Asterosteus 
Coccosteus - - 
Dinichthys - - 
Onychodus - - 



APPALACHIAN 
PROVINCE 



Onondaga 



GASPE-NEW 

BRUNSWICK 

PROVINCE 



EI FEL DISTRICT 



Hamilton i 



Erian 



Eifelian 



BOHEMIAN 
PROVINCE 



Etage G' 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
X 
X 






X 
X 
X 



X 
X 
X 



X 
X 
X 



X 



X 
X 



X 
X 
X 



X 
X 



Note added during correction of the proof. Of the genera enumerated in the above 
list, Acanthaspis occurs also in the Lower, and Onychodus in the Upper Devonic of 
Spitzbergen, but none have been reported from the Upper Devonic of East Greenland. 

According to a recent communication by I)r O. Jaekel [Sitzber. Ges. Naturf Freunde, 
1906], it appears probable that the scalelike dermal plates referred to Ptyctodus on page 73 
of this memoir, and illustrated in plate i, figure 6, properly belong to Rhynchodus. They 
can not possibly, however, be regarded as internal structures, or in the nature of a pectoral 
girdle, the extensive series of American specimens with which we are familiar being 
clearly irreconcilable with such an interpretation, Sufficient reason has not yet been 
shown for doubting the chimaeroid affinities of Ptyctodonts. 
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Apedodus priscus Leidy 

Page i66 

1 Detached crown, x 2 

2 Detached crown, x 2 
Chemung beds ; Warren, Pa, 

Onychodus sp. indes. 
c/. O. sigmoides Newb. 

Paj^e 169 

3 Imperfect slightly arcuate tooth showing central cavity, x 2 
Hamilton limestone ; Milwaukee, Wis. 

Onychodus sp. indes. 

Page 160 

4 Detached presymphysial tooth. Cross-section of base of crown 

shown at the right. Natural size 
Middlci Devonic; Eifel district, Germany 

Original in Museum of Comparative Zoology, Cambridge, Mass. 

Cladodus monroei Eastm. 

Page 6j 

5 Detached tooth, coronal apex and portion of the root broken away, x 2 
Hamilton limestone ; Milwaukee, Wis. 

Rhynchodus sp. 

Page 73 

6 Detached scalelike plate evidently external in position, and regarded 

as a dermal calcification of Rhynchodus. Natural size 

Hamilton limestone; Milwaukee, Wis. 

Similar detached plates are abundant also in the Cedar Valley lime- 
stone of Iowa, and in the Upper Devonic of Wildungen, in Rhenish 

Prussia. 

Diplodus priscus Eastm. 

Page 59 

7 Detached tooth, anterior face, x 4 

8 Detached tooth, anterior face, x 4 
Upper Devonic ; Elmhurst, 111. 

Coccosteus sp. 

I»aj;c IIS 

9 Detached dorsomedian plate. Natural size 

Onondaga limestone, Clifton Springs, N. Y. 
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Diplodus striatus Eastm. 

Page 60 

10 Detached tooth, anterior face. x 4 

1 1 Anterior and posterior aspect of large detached cone, x 4 
Upper Devonic ; Elmhurst, 111. 

Phoebodus politus Newb. 

Page 60 

12 Detached tooth, anterior face, x 4 
Cleveland shale ; Lorain county, O. 

Original in Museum of Comparative Zoology, Cambridge, Mass. 

Sagenodus sp. 

Page 160 

13 Detached dental plate, of the form usually referred to Sagenodus, 

showing extreme effects of abrasion. Natural size 
Chemung beds ; Warren, Pa. 

Onychodus hopkinsi Newb. 

(.SV^ plates 3 ami 9) 
Page I'K) 

14 Detached tooth, falcate, but not sigmoidal ; dentine eroded. x3/^ 
Chemung beds ; Franklin, N. Y. 

Original in New York State Museum 

Cladodus prototypus sp. nov. 

Page 61 

15 Detached tooth, posterior face. Coronal cross-section shown at the 

right. Natural size 
Columbus limestone ; near Columbus, O. 
Original in American Museum of Natural History, New York. (Cat. 

no, 4257, olim James Hall coll.) 

Homacanthus acinaciformis Kastm. 

Page 75 

16 Dorsal fin spine, x 3/^ 
Chemung beds ; Warren, Pa. 

Original in Museum of Comparative Zoology, Cambridge, Mass. 



PLATE 2 

Dipnoan dental plate 

Page 164 

1 Dental plate of undescribed Dipterine genus, with obsolescent tuber- 

cular ridges. Natural size 
Upper Devonic (State Quarry beds) ; Johnson county, la. 
Original in Museum of Comparative Zoology, Cambridge, Mass. 

Acanthaspis armata Newb. 

Page 117 

2 Supposed antero-ventrolateral plate with fixed spinous process ; orna- 

mentation indicating a young individual. Natural size 
Columbus limestone ; Sandusky, O. 
Original in Museum of Comparative Zoology, Cambridge, Mass. 

Undetcnu ijied A rth rodire 

Page «57 

3 Dorsomedian plate of undetermined Arthrodire. x 2 
Hamilton limestone ; Milwaukee, Wis. 

Original in private collection of E. E. Teller, Milwaukee, Wis. 

4 Detached dorsomedian plate comparable to that shown in figure 3, 

and from same horizon and locality, x 2 
Original in private collection of E. E. Teller, Milwaukee, Wis. 

Rhynchodus pertenuis Eastm. 

Page 69 

5 Anterior portion of lower dental plate. Natural size 
Chemung beds of Franklin, Delaware co., N. Y. 
Original in New York State Museum. 

5a Cross-section of same taken along line of fracture, shown imme- 
diately below 

Dinicjithys pustulosus Eastm. 

(Set plates 5 and xz) 
Paj:c ijo 

6 Left posterior palato-pterygoid dental plate, or "shear tooth." Nat- 

ural size 
Hamilton limestone; Milwaukee, Wis. 

Original in private collection of E. E. Teller 
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Dinichthys halmodeus (Clarke) 

(5># pUce lo) 
Page ia6 

7 Dorsomedian plate. Natural size. Superficial ornament partially 

denuded, and inferior carina exposed. 

Marcellus shale, Livonia salt shaft, N. Y. 

The original, found in natural association with the type cranium, is 
preserved with it in the New York State Museum. 

Machaeracanthus longaevus sp. nov 

Page 8s 

8 Right and left pectoral fin spines preserved in natural association. 

X ^. Cross-sections of middle portion of either spine shown at 

the sides. 

Trilobite bed of the Lower Hamilton, shore of Lake Erie near mouth 

of Eighteen Mile creek 

Original in Buffalo Society of Natural History 
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Acantholepis fragilis Ncwb. 

Page 79 

1 Drawing from squeeze of impression. Natural size 
Ithaca beds, near Truxton, Cortland co., N. Y. 
Original in New York State Museum 

Onychodus (sigmoides ?) 

Page 169 

2 Detached scale, x 2 

Marcellus shale ; Oran, Onondaga co., N. Y. 
Original in New York State Museum 

Onychodus hopkinsi Newb. 

(See plates z and q) 
Page 169 

3 Series of five presymphysial teeth. Natural size 
Chemung beds, Franklin, N. Y. 

Original in New York State Museum 

Bothriolepis nitida Leidy 

{See plate 7) 
PaRC 50 

4 Terminal portion of **arm"; sutures between brachial plates oblit- 

erated. Natural size 
Chrmung beds ; Franklin, N. Y. 
Original in New York State Museum 

Apateacanthus vetustus (Clarke) 

5 Original specimen refigured. Natural size. Drawing from squeeze in 

Nfw York State Museum, 
portage (Naples) beds; near Milo, Yates co., N. Y. 

Machaeracanthus sulcatus Ncwb. 

6 Redrawing of holotype figured by Hall in Report on the Fourth 

Disiricl, |)agt* 174, figure 69. Natural size 

Onondaga limestone; Victor, Ontario co., N. Y. 

Original in New York State Museum 
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Gyracanthus sherwoodi Newb. 

Page 87 

Drawing from i^queeze of spine. Natural size 

Chemung beds ; found loose in Ischua township, Cattaraugus cc, 

N. Y. 
Original in New York State Museum 
Compare with restoration of Gyracanthides shown in text figure 17, 

page 87. 
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PLATE 4 

Dipterus calvini Eastm. 

1 Right mandibular plate. Natural size 

Cedar Valley limestone (Middle Devonic) ; Fairport, la. 
Original in Museum of Comparative Zoolog)-, Cambridge, Mass. 

Dipterus sp. nov. 

Page 164 

2 Left mandibular dental plate. Natural size 

State Quarry beds (Upper Devonic); Nort!: Liberty, Johnson co., la. 
Original in Museum of Comparative Zoology, Cambridge, Mass. 

Dipterus uddeni Eastm. 

Page 160 

3 Left mandibular dental plate. Natural size 

Base of Cedar \'alley limestone ( Middle Devonic) ; New Buffalo, la. 
Original in Museum of Comparative Zoology, Cambridge, Mass. 

4 Lateral aspect of same specimen as shown in figure 3 

Dipterus mordax Eastm. 

Puj^c i6i 

5 Right mandibular dental plate. Natural size 

State Quarry beds (Upper Devonic); North Liberty, Johnson co., la. 
Original in Museum of Comparative Zoology, Cambridge, Mass. 

6 A worn specimen from same horizon and locality as the last. Natural 

size 

Dipterus sp. nov. 

Page 164 

7 Palatal dental plate of undescribed species. Natural size. The func- 

tional surface is in reality more concave than is here represented. 
From same horizon and locality as the original of figure 5 

Dipterus sp. nov. 

Page 164 

8 Palatal dental plate of undescribed Dipterine species. Natural size 
State Quarry beds (Upper Devonic) ; North Liberty, Johnson co., la. 
Original in Museum of Comparative Zoology, Cambridge, Mass, 
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Dipterus costatus Eastm. 

9 Left mandibular dental plate. Natural size 

State Quarry beds (Upper Devonic) ; North Liberty, Johnson co., la. 
Original in Museum of Comparative Zoology, Cambridge, Mass. 

Rhadinichthys sp. no v. 

{Str plate 9) 
Page 17a 

10 Imperfect Palaeoniscid fish, probably representing a new species of 

Rhadinichthys, in the neighborhood of R . g e i k i e i Traq. Ven- 
tral aspect of thoracic region, showing details of pectoral fins, jugu- 
lar plates and disarranged branchiostegals. x 2 
Chemung beds ; Warren, Pa. 

Original in Museum of Comparative Zoology, Cambridge, Mass. 

1 1 Lateral aspect of trunk of same individual as shown in figure 10. Posi- 

tion of fins, squamation, and dorsal ridge scales well displayed, x 2 

Dipterus sp. 

Page Z64 

12 Worn example of palatal dental plate. Natural size 

State Quarry beds (Upper Devonic) ; North Liberty, Johnson co., la. 
Original in Museum of Comparative Zoology, Cambridge, Mass. 

Dipterus nelsoni Newb. 

Page 163 

13 Anterolateral aspect of right mandibular plate. Natural size 
Chemung beds ; Warren, Pa. 

Original in Museum of Comparative Zoology, Cambridge, Mass. 

14 Oral aspect of same specimen as shown in figure 13 

Dipnoan dental plate 

Page 164 

15 Undescribed, somewhat worn, Dipnoan dental plate, geri, et sp. nov. 

Natural size 
State Quarry beds (Upper Devonic) ; North Liberty, Johnson co., la. 

Dipnoan dental plate 

Page 1&4 

16 Worn dental plate from same horizon and locality as that shown in 

figure 15. Natural size 

903 



PLATE 5 

Dinichthys dolichocephalus sp. no v. 

Head shield, mandibles and various plates of the dorsal and ventral 

armoring in natural association on a single slab, x f^ 
Naples shale ; Sturgeon Point, near Buffalo, N. Y. 
Original in Cabinet of the Buffalo Society of Natural Sciences 

Dinichthys pustulosus Eastm. 

{See plates a and ii ) 
Page 130 

External aspect of left mandibular ramus, partly restored, x ^ 

Oneonta sandstone ; Delhi, Delaware co., N. Y. 

Original in New York State Museum 

External aspect of left mandibular ramus, x ^ 

Hamilton limestone, Milwaukee, Wis, 
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Dinichthys sp. indet. 

Page I3Q 

Left postero-dorsolateral plate of a large sized Dinichthyid, pos8ibl|r 
identical with D . c u r t u s Newb. Tubercular ornament, sensory 
canals, and marks of overlap by contiguous plates well showi^ 
Natural size 

Oneonta beds ; Franklin, N. Y. 

Original in New York State Museum 

Dinichthys newberryi (Clarke) 

Page »33 

Redrawing of type mandible. Natural size 

Genundewa limestone ; Canandaigua lake, N. Y. 

Original in United States National Museum, Washington 

Remains of the same or closely similar species are also known frofll 

the New Albany ("- Genesee) Black slate near Louisville, Ky, 
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Bothriolepis nitida Leidy 

• J«r place jt 
Pace so 

1 "Shoulder of arm" in articulation with ventrolateral plate. Natural 

size 
Chemung beds ; Blossburg, Tioga co.. Pa. 
Original in New York State Museum 

Diptenis fleischeri Newb. 

Page t6j 

2 Right Upper dental plate. Natural size 
Oneonta beds ; Franklin, Delaware co., N. Y. 
Original in New York State Museum 

Ctenacanthus chemungensis Claypole 

Page 77 

3 Superficial ornamentation of spine enlarged, x 3 

Chemung beds; between Friendship and Nile, Allegany co., N. Y. 
Original in New York State Museum 

Dinichthys lincolni Claypole 

Page 119 

4 Right vomerine tooth, viewed from the front. Natural size 
Marcellus shale ; Geneva, Ontario co., N. Y. 

Holotype in the New York State Museum 

5 Inner lateral aspect of same specimen, showing fractures due to 

mechanical deformation. Natural size 

6 Ibid. Inferior aspect. Natural size 

Asterolepis clarkei sp. no v. 

Page 40 

7 Mold of interior surface of posterior dorsal median plate. Natural 

size 
Chapman sandstone ; Chapman Plantation, Aroostook co., Me. 
Original in New York State Museum 

8 External surface of preceding. Natural size 
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PLATE 8 

Cladoselache sp. indet. 

Page 57 



Detached pectoral fin. x ^ 

Naples shale, Portage beds ; Eighteen Mile creek near Buffalo, N. Y. 

Original in Cabinet of Buffalo Society of Natural Sciences. 
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Onychodus hopkinsi Newb. 

(Sff plates I and 3) 
Page 169 

Detached presymphysial tooth. Natural size 

Chemung beds ; Franklin, Delaware co., N. Y. 
Original in New York State Museum 

(It will be noted that, as respects size and curvature, teeth of this 

species are indistinguishable from the earlier O. sigmoides; the 

average size of the Chemung teeth, however, is inferior to either the 

example here figured or the original of plate i, figure 14. For a 

complete series of presymphysial teeth in natural association, see 

pl. 3, fig. 3-) 
Detached presymphysial tooth from same horizon and locality as the 

last. Natural size 

Original in New York State Museum 

Coccosteus occidentalis Newb. 

Page XX5 

Dorsomedian plate of type specimen, refigured to show presence of 

sensory canals and extent of long posterior process. Natural size 
** Corniferous limestone," Ohio 
Original in American Museum of Natural History, New York 

Rhadinichthys sp. nov. 

(St* plate 4) 
Pajre 17a 

Trunk of imperfect Palaeoniscid fish, probably representing a new 

species of Rhadinichthys. x 4/3 
Photograph of the trunk of holotype shown in plate 4, figures 10 and 1 1 
Chemung beds, Warren, Pa. 

Macropetalichthys rapheidolabis Norwood & Owen 

(St* plate 11) 
Page 103 

Disarticulated plates of head shield belonging to a single individual. 

Natural size 
Columbus limestone (—"Corniferous") ; Columbus, O. 
Original in American Museum of Natural Historj^ New York. (Cat. 

no. 269 G) 
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PLATE lo 
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Dinichthys halmodeus (Clarke) 

(Sfe plate a) 
Page 126 

Fragment showing median occipital region of a large cranial shield. 

Natural size 
Agoniatite limestone (Marcellus shale); Hendrick's ledge, west of 

Manlius, N. Y. 
Original in New York State Museum 

Protitanichthys fossatus sp. no v. 

Page 144 

/interior portion of head shield, seen from the cerebral aspect. Natural 

size 

Delaware limestone (=**Corniferous") ; Delaware, O. 

Original in Museum of Comparative Zoology, Cambridge, Mass. 

A diagram showing arrangement of cranial plates and course of sensory 

canals will be found in text figure 30, page 146 
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Macropetalicbthys rapheidolabis Norwood & Owen 

(See plate 9) 
Page 103 

Dorsal aspect of large head shield, denuded of superficial ornamenta- 
tion, and showing sutures, x % (approximately) 
Delaware limestone (—** Corniferous **) ; Delaware, O. 

Original in Ohio Wesleyan University, Delaware, O. 
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Dinichthys pustulosus Eastm. 

(See platcf a and 5) 
Page 130 

Dorsal aspect of moderate sized head shield, showing cranial sutures, 
sensory canals and other features very distinctly. The median 
occipital plate is removable, showing conformation of visceral surface. 

Lower part of the Cedar Valley limestone (Middle Devonic) ; near 

Rock Island, 111. Collected by A. S, Tiffany 
Original in Museum of Comparative Zoology, Cambridge, Mass. 
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GI]rptaspis abbreviata sp. nov. 

Page 147 

Right antero-ventrolateral plate. Natural size 

Portage beds ; Valois (North Hector), N. Y. 

Original in New York State Museum 

Similarly ornamented dermal plates belonging probably to the same 

species, and accompanied by remains of Dinichthys new- 

berryi Clarke, Aspidichthys, and other Arthrodires, occur in the 

New Albany (— Genesee) Black slate near Louisville, Ky. In the 

description of this form fp. 147-49], ^^^ locality is wrongly stated to 

be near Lexington. 
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PLATK 14 
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Mylostomid tipper dental plates 

I, 3 Imperfect left posterior palato-pterygoid plates of the type species of 
Mylostoma (M. variabile Newb.) from the Cleveland shale of 
Sheffield, O. 
2 Left anterior palato-pterygoid plate of the same species, and from the 

same horizon and locality. 
4 Right posterior palato-pterygoid plate of the same species, from same 
horizon and locality. 
5, 6 Right and left palato-pterygoid plates of Dinomylostoma 
beech eri Eastm. from the Portage shale of Mount Morris, N. Y. 
7 Supposed vomerine tooth of an unidentified Arthrodire, from the 
Cleveland shale of Ohio 
All figures of natural size. Compare with reconstructions shown in 
text figure i8, page 98, and text figure 31, page 150. 
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Dinomylostoma beecheri Eastm. 

{See plate 14) 
Page xsi 

1, 2 Inner aspect of mandibles belonging to type individual. Natural size 

Portage beds, Mount Morris, N. Y. 

Original in Peabody Museum, New Haven, Ct. 
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Acanthaspis, 78, 115, 117, 193. 

armata, 14, 1 17-18, 198. 

armatus, 117. 

decipiens, 118. 

pruemensis. 118. 
Acanthodes, 181. 

aiRnis, 16. 

concinnus, 16. 

? pristis. 17, 64. 

semistriatus, 13. 
Acanthodians, 179. 180, 181. 
Acanthodidae, 23. 
Acanthodii, 2^, 63-64. 
Acanthoessus ? pristis. 64. 
Acantholepis, 78-79, 80, 193. 

fragilis, 14, 15, 79-80, 200. 

pustulosus, 79. 
Acanthopterygii, 183. 
Acipenseridae, 171. 
Actinophorus clarki, 19. 
Actinopterygii, 23, 90, 92, 165. 170-72. 
Agassichthys agassizi. 112. 

manni, 102, 103. 

sullivanti, 102, 103. 
Agassiz, Ix>uis, cited, loi. 116: mentioned, 

Ag^atha, 12-13, 16, 20, 22, 23, 24-54. 

Agoniatite limestone, 129. 

Allegany coimty, 21. 

Ambocoelia unihonata, 83. 

American Muscuin of Xatural History, 

acknowledgments to, 12. 
Amia, 182. 

Anarthrodira, 105, in. 
Anaspida, 23, 28, 31. 



Antiarcha, 23, 26. 27, 28, 32-33- 
Apateacanthus, 79, 80. 

vetustus, 17, 81, 200. 
Apedodus priscus, 21, 166, 196. 
Appalachian strait, 189. 
Arachnids, 28. 
Arisaig series, 13. 
Aroostock county. Me., 13, 32. 
Arthrodira, 15. 20, 2^, 88, 89-157, 158, 159, 

192, 220; systematic arrangement, 99. 
Arthrodire utidet., 198. 
Arthrognathi. 90. 
Ascidians, 28. 
Aspidichthys, 157, 220. 

sp.. 15. 
clavatus. 19, 156. 

? notabilis, 16, 157. 
Asterolepidae. 23, 26, 27. 28, ^2, 33-54» 89, 

90, 91, 118. 
Asterolepis, 32, 36, 39-40. 

clarkei, 13, 32, 40-41, 208. 

hoeninghausii, loi, 112. 

maxima, 50, 51, 54. 

ornata, 40. 
Asterosteus, 9(), 104, 105, 106, no, 112, 

193. 
stenocephalus, 14, 113. 

Astraspis desiderata, 12, 33. 

Ateleaspidae, 23. 

Ateleaspis. 27. 

tessellata, 26. 

Atthey, T., cited. 97. 

Balfour, cited, 158. 
Bedford, O., 18. 
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Beecher, Charles E., mentioned, yT, 152. 
Belgium, 52, 138. 
Bell, cited, 192. 
Belonorhynchidae, 170. 
Berea, O., 18, 19. 
Berea grit, 18. 
Berycoids, 183. 
Birkeniidae, 23, 91. 
Black shale, 18, 134, 137, 156. 
Black slate, 131, 133, 139. 147, 148, 172. 
Bloomfield sandstone, 12. 
Blossburg, Pa., 22. 
Bohemia, 187. 

Bothriolepis, 8, 27, 32, 35. 36, 37, 38, 39, 
4a, III. 

canadensis. 16, 42, 43-49, 50, 51. 

coloradensis, 20, 53-54. 

leidyi, 50. 

major, 53, 54. 

minor, 20, 22, 5a, 148. 

nitida, 22, 50-51, 52, 148, 200, 208. 
Boulenger, cited, 88. 
Brachydirus, 114. 
Bradford county, Pa., 20, 21, 22, 52, yy, 

156, 157- 
Branson, E. B., cited, 62. 
Bridge, T. W., cited, 91, 126, 170. 
Bristol Center, 17, 134. 
Brontichthys clarki, 19. 
Buffalo, la., 16. 
Buffalo, N. Y., 59, 79, 83, 134, 

Calamoichthys, 182. 
Calceola beds, 187. 
Calciferous sandstone, 172. 
Callognathus serratus, 17, 19. 
Campbellton, X. B., 12, 13, 189, 190. 
Canandaigua lake, 17, 134. 
Canyon City, Col., 12, 33. 
Cashaqua shale, 17, 81, 156. 
Cashong creek, 76. 
Catskill, 20. 



Catskill beds, 22, 51, 87, 88, 139, 162, 163, 

168. 
Cattaraugus county, 21. 
Cayuga lake, 17. 
Cazenovia, 139. 
Cedar Valley limestone, 14, 15, 16, 69, 73, 

83, 160, 161, 169. 
Cephalaspidae, 23, 27, 90, 91, 117. 
Cephalaspis, 27, 31, 167, 191. 

campbelltonensis, 12. 

dawsoni, 13. 

jexi, 13. 

laticeps, 16. 

murchisoni, 31. 
Ceratodontidae, 23. 

Ceratodonts, 89, 93, 94, 95, 96, 99, III, 158. 
Ceratodus, 56, 88, 182. 

sturii, 95, 96. 
Cestracion, 65. 

philippi, 65. 
Chapman Plantation, Me., 41. 
Chapman sandstone, 13, 32, 41. 
Cheiracanthus costellatus, 13. 
Cheirolepis. 170, 171. 

canadensis, 17, 171. 

trailli, 171. 
Chelyophorus, no. 
Chemung beds, 58, 63, 69, 70, 88, 115, 116, 

138, 139, 156, i57» 168, 169, 172. 
Chemung group, 20, 21, 22, 52, 74, 75, ^^, 

78, 87. 
Chemung species of Dipterus, 163-64. 
Chimaeroidei, 23, 66-88, 91, 149. 
Chlamydoselachus, 54. 
Chondropterygii, 27. 
Chondrostei, 23, lyo-ya, 179, 182. 
Cladodontidae, 23, 61-63. 
Cladodus, 57, 58, 61-63, 193. 

j/>., 20, 63. 

carinatus, 63. 

claypolei, 18. 
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Gadodus {continued) 

concinnus, 18, 63. 

coniger, 20, 63. 

monroei, 15, 62, 196. 

prototypus, 13, 61-62, 197. 

rivi-petrosi, 18. 

striatus, 61-62. 

subulatus, 18. 

terrelH, 18. 

tumidus, 18. 
Cladoselache, 14, 17, 54, 61, 140, 181. 

J^» 17. 57-58, 210. 
clarki, 18. 
fyleri, 18, 55. 
kepleri, 18. 
sinuatus, 18. 

Cladoselachidae, 23. 

Clark, William, mentioned, 123. 

Clarke, John M., acknowledgments to, 
12; cited, 41, 58, 59, 63, 70, 128, 133-34, 
147, 148, 171, 185, 186, 187, 188, 189, 
190; mentioned, 64, 72; summary of 
classification of the New York De- 
vonic, 10. 

Classification of the New York Devon ic 
according to John M. Clarke, 10; ac- 
cording to James D. Dana, 11. 

Claypole, cited, 30, 77, 129, 136, 143, 

Cleveland, O., 19. 

Cleveland shale, 18, 19, 57, 61, 63, 131, 

I38» I39» 147, 149. 
Clifton Springs, 14, 115. 

Climatius, 181. 

latispinosus, 13. 

Clinton beds, 12. 

Coccosteans, 89, 90, 91, 93. 

Coccosteidae, 23. 27, 91, 99, 113-49. 

Coccosteus, 27. 94, 95, 97. 114, 1 15-16, 118, 

119, 121. 122. 125, 126, 128, 135, 136, 

140, 144, 145. 153, 167. 193. 

sp., 14, 196. 
americanus, 116. 



Coccosteus (continued) 

angustus, 92. 

canadensis, 17, 115. 

cuyahogae, 18. 

decipiens, 116, 118, 119. 

? halmodeus, 126. 

macromus, 21, 115, zi6. 

occidentalis, 14, 115, 116, 145, 212. 

(Liognathus) spatulatus, 14. 
Coelacanthidae, 182. 
Coelolepidae, 23, 27, 91. 
Columbus, O., 13, 62, 85. 
Columbus limestone, 9, 13, 14, 61, 62, 67, 

80, 84, 112, 113, 169. 
Connecticut trough, 189. 
Conspectus of species, 12-22. 
Cope, E. D., cited, 56, 89, loi, 103, 105, 

108, 109, 115, 116, 122. 
Corniferous limestone, 9, 62, 84, 85, 112, 

138. 
Crossopterygii, 15, 23, 27, 89, 95, 164, 

165-69, 179-181. 
Crustaceans, 28. 
Ctenacanthus, 74, 75-76, 86. 

angustus, 18. 

chemungensis, 21, 77-78, 208. 

clarki, 18. 

compressus, 18. 

randalli, 21, 77. 

speciosus, 76. 

vetustus, 18. 

wrighti, 14, 76. 
Ctenodipterini, 23, 88, 89, 93, 97, 98, 99, 

104, 109, 113, 150, 151, 157-65. 
Ctenodontidae, 23. 
Ctenodus, 95, 160. 

fleischeri, 162. 

sherwoodi, see Dipterus (Ctenodus) 
sherwoodi. 

wag^eri, 19. 
Cuba sandstone, 21. 
Cumberland, Md., 12, 73. 
Cuyahoga county, O., 18, 19. 
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Cyathaspis, 27, 28, 30. 

acadica, 12, 28. 
Cyrtacanthus, 66, 193. 

dentatus, 13. 

incurvus, 13. 

Dana, James D., classification of the New 
York Devonic, 1 1 ; cited, 189. 

Davis, J. W., cited, 75. 

Dawson, J. W., cited, 190, 191. 

Dean, Bash ford, acknowledgments to, 
12; cited, 30, 55, 56, 57, 58, 67, 73, 90, 
96, 97» 99» 103, 105, III, 122, 123, 130, 
149. 156, 178. 

Delaware, O., 19, 85, 146. 

Delaware county, 20, 21, 22, 51, 52, 74, 
139. 162, 169. 

Delaware limestone, 9, 13, 14, 07, 80, 84, 
112, 113, 146, 169. 

Delhi, 22, 168. 

Delphi, 133. 

Dendrodus arisaigensis, 13. 

Devon Point, Col., 20, 54. 

Devonic, boundaries of local provinces 
and subprovinces may be traced by 
faunal changes, 186; of Gaspe, 190; 
faunas, provincial character, 186; an 
era of provincial development of marine 
faunas, 185 : New York, classification 
according to John M. Clarke, 10; class- 
ification according to James D. Dana, 
II; two geological provinces, 184; ver- 
tebrates, distribution, 187. 

Devonic, Middle, faunal distribution, 188; 
fauna of the Hudson Bay region, simi- 
larity to the Mississippian Onondaga, 
188; Ulsterian and Erian as divisions 
of, 188; faunal list showing distribution 
of fossil fishes, 193. 

? Dictyorhabdus priscus, 12, 67, 

Dinacanthodes, 83. 

Dinichthyid, 17. 



Dinichthys, 90, 91, 94, 95, 98, 105, 114, 
118-26, 140, 142, 143, 145, 149. 150, 
151, 152, 193; dentition of Neocerato- 
dus and, 96-97. 

sp,, 16, 17, 22, 139, 206. 

canadensis, 15. 

clarki, 19. 

curtus, 19, 21, 138-39. 

dolichocephalus, 17, 135-36, 204. 

gouldi, 19. 

gracilis, 19. - 

halmodeus, 15, 126-29, 131, 135, 136, 
144, 199, 214. 

herzeri, 19, 118, 119, 127, 129, 131, 134. 

intermedins, 19, 119, 120, 129, 130, 131, 

137. 138* 155. 
lincolni, 15, 129-30^ 208. 

minor, 19, 134. 

newberryi, 17, 133-34, 206, 220. 

precursor, 14, 138. 

prentis-clarki, 19. 

pustulosus, 15, 16, 17, 20, i30-33» I39> 
198, 204, 218. 

ringuebergi, 17, 134. 

terrelli, 19, 118. 119, 125, 130, 131, 134. 

tuberculatus, 15, 16. 21, 137-38, 139. 
Dinomylostoma, 94, 95, 97, 98, 121, 151. 

beecheri, 17, 151-56, 222, 224. 
Diplacanthidae, 23, 64. 
Diplacanthus horridus, 16. 

striatus, 16. 
Diplodus, 58-60. 

j/>., 20. 

priscus, 20, 59, 196. 

striatus, 20, 60, 197. 
i Diplognathus, 97. 

mirabilis, 19. 
Dipneusti, 23. 27, 88-164, 91, 92, 95. 
Dipnoan dental plates, 198, 203. 
Dipnoans, 88, 89, 90, 91, 92, 93, 94, 95, 99, 

104, 105, 108, 149. i50» i5i» i57» 158, 

165, 179, 180. 
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Dipnoi, 182; term, 88. 
Dipteridae, 23, 159-63. 
Dipterus, 16, 95, 108, no, 158, iSQ-^a, 
193; Chemung species, 163-64. 

sp.y 202, 203. 

alleghaniensis, 21. 

angustus, 22. 

calvini, 16, z6o-6i, 202. 

contraversus. 22. 

costatus, 20, 161, 203. 

flabelliformis, 21, 163. 

fleischeri, 22, 162, 208. 

ithacensis, 18, 163. 

levis, 163. 

minutus, 21, 163. 

mordax. 20, 161-62, 202. 

nelsoni, 21, 163, 203. 

quadratus, 163. 

sherwoodi, 22, 162-63. 

(Ctenodus) sherwoodi, 162. 

uddeni, 16, 160, 162, 202. 

valenciennesi, 159. 
Dissodus, 59. 
Dittodus, 59. 
I>oliodus, 61. 

problematicus, 13. 
Dollo, cited, 158, 165, 174, 
Drepanaspids, 91. 
Drepanaspis, 25, 26. 

East Bethany, 15. 

Eastman, C. R., cited, 93, 97, 105. 

Eczematolepis, 78. 

pustulosiis, 79. 
Eichwald, E. von, cited, 40. 
Eifel district, (iermany, ^/), Cy^j, 100, loi, 

112, 118, i6(j, 187, 192. 
Eighteen Mile Creek. 14, 13, 17, 18, 57, 38, 

71, 72, 85, 86, 139, i4(). 
Elasmobranchii, 2t^, 2J, 34-63. 
Elbert formation, 20, 53. 
Elgin, 53, 54. 



Ells, R. W., cited, 190. 
Elmhurst, 111., 20, 59, 60, 72. 
Encrinal limestone, 15. 
? Eriptychius americanus, 12. 
Euomphalus bed, 161. 
Euphaneropidae, 23. 
Euphanerops longaevus, 16, 31. 
Eusthenopteron, 164. 

foordi. 17. 
Explanation of plates, 195-224. 

Fairport, la., 16, 161. 

Fall creek, jj. 

Faunal list showing distribution of Mid- 
dle Devonic fossil fishes, 193. 

Fins, evolution of. 56; paired, develop- 
ment, 180; effective, development of, 
182-83. 

Franklin, 20, 21. 22, 6c). 70, 139, 162, 169. 

l>anklin county, O.. 19. 

I'iirbringer, K.. cited, 115. 

Gamphacanthus, 73, 82. 

politus, 82. 
Ganoids, 164. 

Ganorhynchus bcecheri, 21, 22, 
Garman, S., cited, 73. 
Gaskell, cited, 31. 
Gaspe, Quebec, 13. 
Gaspe Devonic, 190. 
Gaspe sandstones, 190, 191 ; age, 189. 
Gaudry, Albert, (juoted. 177-78. 
Genera of doubtful family i)Osition, 156-57. 
Genesee shale, 17, 64, 71, 133, 134. 139, 

147, 149, 172. 
(Geneva, 15, 130. 
Genundcwah, 133. 
Genundewa limestone, 134. 
Geological conclusions, 183-93, 
Glenville, 17, 172. 
Glyptaspis, 147. 

abbreviata, 147-49, 220. 
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Glyptaspis (continued) 

verrucosa, 19, 147, 148. 
Glyptolaemus, 167. 
Glyptolepis quebecensis, 166. 
Glyptopomus sayrei, 22. 
Goniatite limestone, 17, 72, 129, 
Grabau, cited, 72. 
Gyracanthides, 179. 
Gyracanthus, 64, 86-87. 

murrayi, 87. 

sherwoodi, 21, 22, 87-88, 201. 

Haeckel, cited, 88. 

Hall, James, cited, 166, 167; mentioned, 62. 

Hamilton limestone, 14, 15, 16, 61, 62, 68, 

69, 73» 76, 80, 83, 85, 86, 132, 139, 140, 

157, 169, 187, 188. 
Harpacanthus, 66. 
Hay, O. P., cited, 30, 59, 64, 91. 
Heliodus lesleyi, 21. 
Helodus gibberulus, 20. 
Heteracanthus, 73, 82. 

politus, 15, 16, 17, 82-83. 

uddeni, 15, 16, 83. 
Heterodontus, 65. 
Heterostraci, 23, 25, 27, 28-30. 
High Point, 58, 63. 

High Point sandstone, 20, 21, 58, 63, 70. 
Holauchenia, 91. 
Holocephali, 23, 65-88. 
Holonema, 156, 157. 

horridiim, 21, 156. 

rugosa, 50. 

rugosum, 21, 22, 156. 
Holopetalichthys novaki. 102. 
Holoptychiidae, 23, 165-68. 
Holoptychius, 164, 166, 167. 

americanus, 21, 22, 50, 167, 168, 209. 

filosus, 21. 168. 

flabellatus. 168. 

giganteus, 20, 21, 22, 167. 

granulatus, 21, 168. 



Holoptychius {continued) 

halli, 22, 168. 

latus, 168. 

pustulosus, 22, i68. 

quebecensis, 17. 

radiatus, 22. 

serrulatus, 168. 

tuberculatus, 20, 22, 168. 
Homacanthus, 74. 

acinaciformis, 21, 75, 197, 

gracilis, 13. 
Homosteidae, 23. 

Homosteus, 95, 99, 100, 106, 107, no. 
Hoplonchus parvulus, 18, 75. 
Hudson Bay Middle Devonic fauna, 191. 
Hunsnick slate, 26. 
Huron shale, 18, 19. 

Hussakof, L., cited, 92, 99, 123, 139, 185. 
Huxley, T. H., cited, 164. 
Hydraulic limestone, 133. 

Ichthyotomi, 23, 58-63. 
Ichthyodorulites, 65, 73-88. 
Iowa City, 71. 
Ischua, 88. 
Isospondyli, 183. 
Ithaca, 18, 77. 

Jackd, Otto, cited, 31, 33, 38, 69, 90, 91, 

99, 100, 102, 114, 115, 121, 174, 193. 
James Bay, Canada, 14. 
Johnson county, la., 20, 72, 73, i64, 
Jordan, cited, 92-93, 178. 

Kayser, E., cited, 100, 102. 
Kelly's island. Lake Erie, 85. 
Kemna, cited, 174. 
Kings county, New Brunswick, 12, 
Koenen, A. von, cited, 102. 

Labjrrinthodonts, 181, 182. 
Lacertilians, 122. 
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Lanarkia, 25. 

spinosa, 25. 
Lankester, E. R., cited, 92. 
Leicly. J., cited, 166. 
Lepidosiren, 88, 96, 109, 121, 126, 182. 
Lepidosirenidae, 23, 
Lepidosteus, 182. 
Leptolepis, 183. 
Leroy, N. Y.. 13, 14, 17, 58, 70, 80, 84, 

112, 118, 169. 
Le Roy, Pa., 21, 22, 115, 116. 
Leuckart, cited, 88. 

Lexington, Ky., 133. 147, 148, 149, 220. 
Liege, Belgium, 138. 
Lime Creek beds, la., 20. 
Lime Rock, 14, 84. 
Liognathus spatiilatus, 115, 145. 

See also Coccosteus (Liognathus) spa- 
tulatus. 
Livingston county, 128, 169. 
Livonia, 15. 

Livonia Salt Shaft, 128. 
Logan, Sir William E.. cited, 191. 
Lorain county, O., 18, 19. 
Louisville, Ky., 147-9, 220. 
Low, cited, 190. 

Lower Carbonic limestone, 62, 75. 
Lucas, F. A., cited, 92, 167. 

M'Coy, cited. 89. 
Machaeracanthus, 64, 83, 193. 

sf>., 15. 

bohemicus, 86. 

longaevus, 14, 15, 85-86, 199. 

major, 14. 85. 

peracutus, 14, 84, 85. 

sulcatus, 13, 14. 84-85, 86, 191. 200. 
Machacrius. 83. 
Mackenzie, cited, 177. 
Macropetalichthyidae. 23, 99-113. 
Macropetalichthys, 95, 99, 100-3, ^12, 117, 
122, 132, 193. 



Macropetalichthys (continued) 

sp., 103, 104. 

agassizi, 112. 

manni, 103. 

pruemensis, 100, 101-2. 

rapheidolabis, 14, 100, 103-12, 192, 212, 
216. 

sullivanti, 103, 104, 192. 
Manitoba, 15, 16. 
Manlius, 15, 129. 
Mansfield, Pa., 22. 

Marcellus shale, 14, 15, 58 129, 130, 135. 
Marsh, O. C, mentioned, 152. 
Meckel, cited, 154. 
Menaspis, 67. 
Mesacanthus, 181. 

Meyer, Hermann von, cited, loi, 102, 
Milford, O., 85. 
Miller, Hugh, mentioned, 177. 
Miller, S. A., cited, 59. 78, 157. 
Milo, 17, 81. 
Milwaukee. Wis., 14, 15, 16, 61, 62, 69, 73, 

80. 83, 86. 133, 140, 157, 169. 
Mixer. F. K., mentioned, 57, 79, 85, 134, 

137. 148. 
Mollier, S.. cited, 56. 

Monocladodus clarki, 18. 

pinnatus, 18. 
Monroe, Charles E., mentioned, 62. 
Moscow shale, 14. 76. 
Mt Morris. 17. 152, 156. 
Miiller, Johannes, cited, 88. 
Mylostoma, 94, 95. 96, 9<;, 121, 142. 149- 
51, 132. 180; dentition of Xeocerato- 
dus and, 97-99. 

nc\vlK*rryina, 180. 

terrelli, 149. 

variabile, 19, 98, 149, 150, 151, 153, 154, 
156, 222. 
Mylostomatidae, 2^, 99, 149-56. 
Mylostomid upper dental plates, 222. 
Myriacanthus, 73. 
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Nairn, 53, 54. 

Naples, 17, 20, 21, 58, 63, 70, y2, 
Naples shale, 17, 57, 58, 156. 
Neoceratodus, 88, 89, 93, 94, 95, 100, 104, 
105, 106, 108, 109. no, 115, 121, 132, 
133, 149, 158; dentition of Dinichthys 
and, 96-97; dentition of Mylostoma 
and, 97-99. 

forsteri, 132. 
New Albany beds, 18, 133. 
New Brunswick, 28. 
New Buffalo, la., 160. 
Newberry, John Strong, cited, 7, 51, 52, 60, 

63, 68, 75, 76, 78, 79, 82, 85, 87, 90, 91. 

99, loi, 102, 103, 105, 109, III, 113, 115, 

117, 119, 125, 138, 141, 143, 147, 149, 157, 

162, 163, 169. 
Niagara beds, 12, 59, 73. 
Nictaux Falls, N. S., 13. 
North Evans, 17. 
North Liberty, la., 74, 161, 162. 
North Walton, 74. 
Norwood, cited, 100, 102. 
Nova Scotia, 13. 

Oesel, 40. 

Oestophorus, 157. 

Old Red sandstone, 26, 29, 159, 164, 166, 

171, 177, 189; upper, 53. 
Olean, 88. 

Olean conglomerate, 21, Tj, 
Onchus, 73. 

j/>., 12. 

clintoni, 12, y}^. 

pennsylvanicus, 12, 73. 

rectus, 22, 74. 
Oneonta beds, 17, 132, 133, 139. 
Onondaga fish fauna, origin, 191. 
Onondaga group, 30. 
Onondaga limestone, 9, 13, 14, 70, 79, 84, 

85, 112, 113, 115, T18, 169, 187, 188. 
Onychodontidae, 23, 16S-69. 



Onychodus, 164, 168, 169, 193. 

j/>., 16, 196. 

hopkinsi, 169, 197, 200, 212. 

ortoni, 19. 

sigmoides, 14, 16, 168, 169, 196, 200. 
Oracanthus, 78. 

abbreviatus, 79. 

fragilis, 79. 

granulatus, 79. 
Oran, 15, 169. 
Oriskany sandstone, 13. 
Orodus, 75. 

elegantulus, 18. 
Osteolepis, 167. 
Osteostraci, 23, 2^, 28, 31. 
Ostracoderms, 90, 180. 
Ostracophori, 21, 24-54, 90, 95, in, 148, 

179, 180. 
Owen, cited, 100, 102, 164. 
Oxford, 17, 133, 139. 

Paired fins, of Cladoselache, 56; dawn of, 

180-81 ; as paddles, 181-82. 
Palaeaspis americana, 12. 

bitruncata, 29. 

elliptica, 29. 

sericea, 29. 
Palaeomylus, 66, 67, 73, 149, 193. 

crassus, 13. 

frangens, 13. 

greenei, 15, 153. 
Palaeoniscidae, 2}^, 170, 171-72. 
Palaeoniscus Panticjuus, 18, 171. 

Pdevonicus, 17, 171. 

? reticulatus, 18, 171. 
Palenville, 139. 
Paleoniscid fishes, 165. 
Palaeaspis, 27, 28. 

americana, 29-30. 
Pander, C. H., cited, 36, 40, 114, 157, 

164. 
Parker, cited, 158. 
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Pairish limestone, 17, y2. 
Patten, William, acknowledgments to, 34 ; 
cited, 26, 30, 31, 33, 36, 40, 44, 45, 46, 

47-49- 
Perry county, Pa., 12, 28, 30. 

Phacops rana, 85. 

Phaneropleuridae, 23. 

Phaneropleuron, 95. 

Phlyctaenacanthus, 79, 80. 

telleri, 15, 80. 
Phlyctaenaspis, 115, 117. 

acadica, 13. 
Phoebodus, 60-61. 

politus, 18, 60-61, 197. 
Pholidophorus, 183. 
Phyllolepis, 156, 157. 

delicatula, 21, 157. 
Physichthys, loi. 

hoeninghausii, loi, 112. 
Physonemus, 82. 
Pierce, John, mentioned, 152. 
Pisces, 12, 13-16, 16-19, 20, 22, 23, 54-172. 
Placodermata, 90, 95. 
Placodermi, 2y, 78, 89, 91, 92. 
Placothorax, 102. 

agassizi, loi, 112. 
Plates, explanation of, ic)$'224. 
Plato, quoted, 93. 
Platysomatidae, 23. 
Platysomidae, 170. 
Pleuracanthid sharks, 95. 
Pleuracanthidae, 23, 58-61. 
Pleuracanthus, 56. 
Pleuropterygii, 23, 54-58. 
Polyodontidae, 171. 
Polypterus, 182. 
Polyrhizodus modcstus, 18. 
Port Jackson shark, 65. 
Portage beds, 17, 18, 57, 58, 64, 72, 81, 82, 

83* 94* 134. ^37^ 147* 148, 149. 152, 156, 
169, 171. 
Portville, 88. 



Powell county, Ky., 19. 
Pristacanthus vetustus, 81. 
Prosser, Charles S., cited, 9, 139. 
Protitanichthys, 144, 145. 

fossatus, 19, 144-47, 214. 
Protodus, 61. 

jexi, 13. 
Protopterus. 88, 90, 91, 96, 97, 121, 126, 

149, 182. 
Protospondyli, 182, 183. 
? Psammodus antiquus, 13. 
Psammosteidae, 23. 
Psammosteus, 78. 
Pteraspidae, 23, 90. 
Pteraspis, 26, 27, 167. 

rostrata, 29. 
Pterichthyidae, 32. 
Pterichthys, 27, 28, 32, 34-39. iii, 163, 167. 

(Bothriolepis) canadensis, 43. 

elegans, 40. 

harderi, 40. 

major, 53-54. 

milleri, 34, 35. 

striatus, 40. 

testudinaris, 32. 
Ptyctodontidae, 23, 67-73. 
Ptyctodonts, 192. 
Ptyctodus, 66, 67, 70, 193. 

sp., 17. 

calceolus, 15, 16, 17, 20, 71-73. 

compressus, 20, 72. 

ferox, 15, 16, 20, 72-73, 82. 

punctatus, 13, 70. 

Ramphodus, 69. 

Rathbun, Richard, mentioned, yj. 
Regan, C. Tate, cited, 27, 67, 91. 
Rhadinichthys, 171, 172. 

sf>., 203. 212. 
Rhinestreet shale, 17, 18, 64, 134, 137. 
Rhipidistia, 23. 
Rhizodontidae, 23, 168. 
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Rhizodonts, 167. 

Rhynchodus, 66, 67-70, 73, 149, 193. 

sp., 15, 16, 21, 70, 196. 

excavatus, 15, 16, 6S-69. 

major, 69. 

occidentalis, 68. 

pertenuis, 20, 69-70, 198. 

secans, 13, 67-68. 
Ringueberg, E. N. S., cited, i^ 
Rinodus calceolus, 71. 
Rock Island, 111., 16. 
Rockwood, Col., 20, 54. 
Rocky river, O., 18. 

Sagenodus, 160. 

sp., 197. 

pertenuis, 97. 
St John, Orestes, mentioned, 69. 
Salem limestone, 62. 
SaHna beds, 12, 28, 30. 
Sandusky, O., 85. 
Sauripteris taylori, 22, 164, 166. 
Scaumenac bay, Quebec, 16, 17, 31, 49, 

190, 191. 
Scaumenacia, 95. 

curta, 17. 
Schuchert, Charles, acknowledgments to, 

12; cited, 185, 188, 191, 192; mentioned, 

Schultze, L., mentioned, loi. 

Scombroids, 183. 

Selachii, 23, 64-65. 

Selenosteidae, 99. 

Selenosteus kepleri, 19. 

Semon, R., cited, 98. 

Seneca county, 149. 

Sharks, 64. 

Sheffield, O., 18, 19. 

Sirenodei, 27,^ 88, 89, 104, 113, 159. 

Skates, 64. 

Sparta, 17, 18, 64, 171. 

Sphenophorus sp,, 16. 



Sphenophorus {continued) 
lilleyi, 21, 157. 

Spirifer mucronatus, 85. 

Spitzbergen, 118, 193. 

Slate Quarry beds, la., 20, 71, 72, 73, 83, 
161, 162, 164. 

Stegocephalians, 105, 122. 

Stenacanthus nitidus, 50. 

Stenognathus corrugatus, 19. 

Stenosteus glaber, 19. 

Stethacanthus, 80, 82. 

Strepsodus sp,, 21. 

Sturgeon Point, 17, 134, 137, 148, 156. 

Sturgeons, 171. 

Styliola limestone, 133, 134. 

SuUivant, Joseph, mentioned, 100. 

Susquehanna river, 22. 

Sweetland Creek beds, la., 20. 

Synthetodus, 99. 
trisulcatus, 20. 

Systematic account of Devonic fishes 
principally from New York and Penn- 
sylvania, 24-172. 

Systematic descriptions, tabular key to, 23. 

Tabular key to systematic descriptions, 

23. 

Tamiobatis, 65. 

vetustus, 19. 
Teleostomi, 23, 27, 90, 91, 92, 164-65. 
Teller, Edgar E., mentioned, 71. 
Temnauchenia, 91. 
Thelodus, 13, 25. 

scoticus, 25. 
Tioga county, Pa., 22, 51, 87, 88, 162, 163. 
Titanichthys, 95, 114, 126, 136, 140-44, 

I45» M7- 
sp,, 19. 

agassizi, 19, 142, 143. 

attenuatus, 19. 

brevis, 19, 136. 

clarki, 19, 141, 142, 143. 
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Titanichthys (continued) 

rectus, 19. 
Trachosteus, 148. 

clarki, 19. 
Traquair, Ramsey H., cited, 26, 27, 33, 

44, 54» 90, 92, no, 114, 118, 157, 164, 
165, 172; acknowledgments to, 33. 

Tremataspidae, 23, 90. 

Tremataspis, 30. 

Truxton Corners, 80. 

Tucker, cited, 175-76. 

Tully limestone, 17. 

Udden, J. A., cited, 160. 
Uronemus, 95. 

Valois, 148. 

Warren, Pa., 20, 21, 22, 63, 75, 87, 138, 172. 
Warren county. Pa., yy, 138. 
Waterloo, la., 16, 83. 



Waterways, conceptual, 189. 

Waverly, la., 16, 68, 83. 

Waverly beds, 57, 75. 

Weller, Stuart, cited, 59, 60, 185. 

Wellsville, 168. 

Whiteaves, J. F., cited, 36, 45, 157, 166, 

171, 191, 192. 
Wiedersheim, R., cited, 126. 
Williams, H. S., cited, 156, 163. 168, 186. 
Williams, H. U., mentioned, 79, 171. 
Woodward, Arthur Smith, cited, 35, 36, 

43, 49. 51, 54-55» 56. 57-58, 64, 65, 74, 78, 
86-87, 89, 90, 92, 93, 1 01, 113, 123, 165, 
166, 167, 178, 179, 180, 191. 

Xenodus herzeri, 18. 

Yates county, 14, 76. 

Zittel, cited, 91, 116, 178. 
Zoological conclusions, 178-83. 
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